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p a r a m e t e r s s u c h as the p r e s s u r e , s l i t w i d t h , a n d a b s o r p t i o n l i n e w i d t h . 
C a s e s i n w h i c h the g r o u n d s t a t e of a t r a n s i t i o n a l s o e x h i b i t s a 
m a g n e t i c m o m e n t r e q u i r e that the f o r m u l a s b e m o d i f i e d to i n c l u d e g r o u n d 
s t a t e m a g n e t i c e f f e c t s . T h e m o d i f i c a t i o n s m u s t b e a d d e d i n the t h e o r e t i c a l 
d e v e l o p m e n t , a n d w i l l i n c r e a s e t h e c o m p l e x i t y of the f o r m u l a s . 
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C H A P T E R I 
I N T R O D U C T I O N 
M a g n e t i c a l l y i n d u c e d o p t i c a l p h e n o m e n a h a v e b e e n of s c i e n t i f i c 
i n t e r e s t for m a n y y e a r s . T h e s e p h e n o m e n a a p p e a r i n s e v e r a l w a y s ; a l l 
of w h i c h a r e i n s o m e w a y r e l a t e d to e a c h o t h e r . O n e of t h e e a r l i e s t w a s 
o b s e r v e d b y F a r a d a y , w h o f o u n d that a p i e c e of l e a d b o r a t e g l a s s , p l a c e d 
b e t w e e n c r o s s e d p o l a r i z e r s , a l l o w e d l i g h t to p a s s t h r o u g h the p o l a r i z e r s 
if a m a g n e t i c f i e l d w a s i m p o s e d u p o n the g l a s s i n s u c h a w a y that the 
f i e l d a x i s c o i n c i d e d w i t h the d i r e c t i o n of light p r o p a g a t i o n . T h e 
F a r a d a y e f f e c t w a s e x p l a i n e d as a r o t a t i o n , b y t h e m a g n e t i c a l l y p e r t u r b e d 
s a m p l e , of the p l a n e of p o l a r i z a t i o n of the i n c i d e n t l i g h t . T h e q u a n t i ­
t a t i v e a s p e c t s of this p h e n o m e n o n w e r e f i r s t s t u d i e d b y V e r d e t , w h o 
f o u n d t h a t the a m o u n t of r o t a t i o n , <J>, i n d u c e d b y a p a r t i c u l a r s a m p l e i n 
a m a g n e t i z i n g f i e l d w a s e x p r e s s a b l e i n t e r m s of the f i e l d i n t e n s i t y , H , 
a n d s a m p l e l e n g t h , I. T h i s r e l a t i o n t o o k the f o r m (f> = V H £ , w h e r e V, the 
V e r d e t c o n s t a n t , w a s a f r e q u e n c y d e p e n d e n t f u n c t i o n c h a r a c t e r i s t i c of 
the s a m p l e . 
If a m o l e c u l e i n the gas s t a t e r e p l a c e s t h e g l a s s m e n t i o n e d i n 
F a r a d a y ' s e x p e r i m e n t , the l i g h t w h i c h p a s s e s t h r o u g h the p o l a r i z e r is 
s o m e t i m e s i n the f o r m of a d i s c r e t e s p e c t r u m , c a l l e d the m a g n e t i c r o t a ­
t i o n s p e c t r u m ( M R S ) . S h o u l d a m o l e c u l e e x h i b i t s u c h a n M R S , t h e s p e c t r a l 
f e a t u r e s w i l l o c c u r n e a r m o l e c u l a r a b s o r p t i o n t r a n s i t i o n s . T h e e x i s t e n c e 
of a n M R S i n a m o l e c u l e s e e m s to h a v e the f o l l o w i n g r e q u i r e m e n t s : 1. T h e 
gas m u s t e x h i b i t a t r a n s i t i o n i n w h i c h at l e a s t o n e of the s t a t e s i n -
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v o l v e d h a s a m a g n e t i c m o m e n t c o u p l e d to the n u c l e a r f r a m e w o r k . 2. T h e 
g a s m u s t b e at a p r e s s u r e a l l o w i n g s h a r p a b s o r p t i o n l i n e s to a p p e a r . 
3. T h e gas m o l e c u l e s m u s t b e s y m m e t r i c or n e a r l y s y m m e t r i c r o t o r s . 
A m o n g t h e m a n y m o l e c u l e s w h i c h h a v e e x h i b i t e d a n M R S a r e I C £ , I B r , 
S 0 2 , C S 2 , a n d N O (1-6) . 
T w o t y p e s of m a g n e t i c a l l y i n d u c e d o p t i c a l p h e n o m e n a w h i c h h a v e 
r e c e i v e d a t t e n t i o n r e c e n t l y a r e m a g n e t i c c i r c u l a r d i c h r o i s m (MCD) a n d 
m a g n e t i c o p t i c a l r o t a t o r y d i s p e r s i o n ( M O R D ) . T h e f o r m e r is a m e a s u r e 
of t h e d i f f e r e n c e b e t w e e n the a b s o r p t i o n c o e f f i c i e n t s for r i g h t a n d l e f t 
c i r c u l a r l y p o l a r i z e d l i g h t , a n d the l a t t e r a m e a s u r e of t h e d i f f e r e n c e 
b e t w e e n t h e i n d i c e s of r e f r a c t i o n for r i g h t a n d left c i r c u l a r l y p o l a r i z e d 
l i g h t . T h e two a r e n o t i n d e p e n d e n t , for t h e y a r e r e l a t e d t h e o r e t i c a l l y 
b y t h e K r a m e r s - K r o n i g r e l a t i o n s . B o t h M C D a n d M O R D a r e r e l a t e d to M R S , 
as w i l l b e m o r e c l e a r l y s e e n w h e n the p h y s i c a l a s p e c t s of M R S a r e d e v e l ­
o p e d l a t e r i n t h i s t h e s i s . 
D u r i n g t h e p a s t s e v e r a l y e a r s t h e M R S p h e n o m e n o n h a s b e e n of 
p r i m a r y i n t e r e s t i n t h i s l a b o r a t o r y , a n d a g r e a t a m o u n t of d a t a h a v e b e e n 
c o l l e c t e d o n v a r i o u s m o l e c u l a r s y s t e m s . A m o n g t h e m o l e c u l e s s t u d i e d a r e 
I C £ , I B r , C S C & 2 * ^^2* ^2' a n c^ P y r a z i n e « A s t h e a v a i l a b l e i n s t r u m e n t a t i o n 
i m p r o v e d , h o w e v e r , it b e c a m e a p p a r e n t t h a t a t h o r o u g h u n d e r s t a n d i n g of 
t h e p h e n o m e n o n b e i n g m e a s u r e d w a s n e c e s s a r y . E v e n t h o u g h t h e o r i e s h a d 
b e e n a v a i l a b l e for m a n y y e a r s , n o r e a l l y w e l l - d e f i n e d h i g h r e s o l u t i o n 
d a t a w e r e a v a i l a b l e to test t h e t h e o r i e s . O n e of the o b j e c t i v e s of this 
w o r k w a s to o b t a i n h i g h r e s o l u t i o n d a t a o n a s i m p l e s y s t e m w h i c h c o u l d 
b e u s e d to t e s t t h e a v a i l a b l e t h e o r i e s . 
T h e m e a s u r e m e n t of M R S h a s b e e n c o n s i d e r e d to b e a s e n s i t i v e 
d e v i c e for t h e s t u d y of m a g n e t i c a l l y a c t i v e s t a t e s i n a m o l e c u l e , p a r t i c -
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u l a r l y t r i p l e t s t a t e s . It w a s h o p e d t h a t m a g n e t i c r o t a t i o n c o u l d b e u s e d 
to s t u d y p h o t o l y t i c a l l y p r o d u c e d t r a n s i e n t s p e c i e s , m a n y of w h i c h a r e f r e e 
r a d i c a l s a n d h e n c e m a g n e t i c a l l y a c t i v e . T h e e x p e r i m e n t a l w o r k d e s c r i b e d 
i n t h i s t h e s i s w a s o r i g i n a l l y d e s i g n e d to c u l m i n a t e i n the s t u d y of s u c h 
t r a n s i e n t s p e c i e s . T h e e x p e r i m e n t s c o m p l e t e d w e r e to p r o v i d e t h e t e c h n o ­
l o g i c a l b a c k g r o u n d for t h e e x p e r i m e n t i n v o l v i n g f r e e r a d i c a l s . 
T h e s t a b l e s p e c i e s IC£ w a s c h o s e n for s t u d y b e c a u s e of the l a r g e 
a m o u n t of d a t a a v a i l a b l e for the s y s t e m a n d t h e h i g h i n t e n s i t y of the 
M R S . S o m e of the w o r k w a s d o n e w i t h p u l s e d e n e r g y d i s c h a r g e s . T h e e n e r g y , 
s t o r e d i n c a p a c i t o r b a n k s , w a s u s e d to p r o d u c e p u l s e d m a g n e t i c f i e l d s or 
a L y m a n d i s c h a r g e . 
T h e i n i t i a l e x p e r i m e n t i n v o l v e d two p u l s e s ; b o t h b e i n g u s e d to 
p r o d u c e m a g n e t i c f i e l d s . O n e of t h e f i e l d s w a s u s e d to i n d u c e t h e Z e e m a n 
e f f e c t o n a N e d i s c h a r g e . O n e of t h e Z e e m a n c o m p o n e n t s of a n e m i s s i o n 
l i n e w a s i s o l a t e d a n d u s e d as a s o u r c e to o b s e r v e m a g n e t o - o p t i c e f f e c t s 
i n t h e IC£ s a m p l e , w h i c h w a s p l a c e d w i t h i n the s e c o n d m a g n e t i c f i e l d . 
S u c h a Z e e m a n c o m p o n e n t p r o v i d e d a n e a r l y m o n o c h r o m a t i c l i g h t s o u r c e w i t h 
its f r e q u e n c y v a r i a b l e o v e r a n a r r o w r a n g e . B o t h M R S a n d a b s o r p t i o n w e r e 
s t u d i e d b y v a r y i n g the o p t i c a l s y s t e m to s u i t t h e d e s i r e d e x p e r i m e n t . 
A n o t h e r t w o - p u l s e e x p e r i m e n t w a s p e r f o r m e d , b u t this t i m e o n e of 
the d i s c h a r g e s w a s into a L y m a n s o u r c e l a m p . T h i s L y m a n s o u r c e w a s u s e d 
to o b s e r v e the ICl s a m p l e , w h i c h w a s p l a c e d w i t h i n a p u l s e d m a g n e t i c 
f i e l d . A. s u i t a b l e c h o i c e of o p t i c a l e l e m e n t s a l l o w e d t h e s t u d y of M R S 
or a b s o r p t i o n . T h e p u r p o s e of this e x p e r i m e n t , i n a d d i t i o n to s t u d y M R S 
i n h i g h f i e l d s , w a s to o b s e r v e the Z e e m a n e f f e c t in ICi. U n f o r t u n a t e l y , 
w h e n the i n s t r u m e n t a l r e s o l u t i o n n e c e s s a r y to o b s e r v e the Z e e m a n e f f e c t 
w a s u s e d , t h e i n t e n s i t y w a s too low for o b s e r v a t i o n . M R S , w h i c h is at 
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l e a s t 1000 t i m e s l e s s i n t e n s e t h a n a b s o r p t i o n w a s a l s o i m p o s s i b l e to 
o b s e r v e . B e c a u s e of t h e l o w i n t e n s i t y e x h i b i t e d i n t h i s s t a b l e s y s t e m , 
a t h r e e - p u l s e s y s t e m u s i n g t h e t h i r d p u l s e to p h o t o l y t i c a l l y p r o d u c e f r e e 
r a d i c a l s w a s n o t a t t e m p t e d . T h e c o n c e n t r a t i o n of f r e e r a d i c a l s w o u l d b e 
e x p e c t e d to b e m u c h less t h a n the c o n c e n t r a t i o n of m a g n e t i c a l l y a c t i v e 
m o l e c u l e s i n I C £ , a n d t h e e x p e r i m e n t w a s a b a n d o n e d . 
N e i t h e r of t h e e x p e r i m e n t s p r e v i o u s l y d e s c r i b e d p r o v i d e d d a t a 
u s e f u l to t e s t t h e t h e o r i e s , so a n o t h e r m e t h o d w a s d e s i g n e d to o b t a i n 
i n f o r m a t i o n . A n a p p a r a t u s w a s d e v i s e d to m e a s u r e M O R D a n d M C D b y p h a s e 
s e n s i t i v e d e t e c t i o n . T h i s e x p e r i m e n t w a s s u c c e s s f u l , a n d d a t a w e r e o b ­
t a i n e d to c o m p a r e w i t h t h e t h e o r i e s . 
M o s t of t h e e a r l y w o r k o n m a g n e t o - o p t i c s w a s s u m m a r i z e d b y W o o d ( 7 ) . 
E x p e r i m e n t a l a n d t h e o r e t i c a l w o r k w a s d i s c u s s e d , e v e n t h o u g h t h e t h e o r e t i c a l 
d i s c u s s i o n w a s l i m i t e d b y c l a s s i c a l o p t i c s . A f t e r t h e a d v e n t of w a v e 
m e c h a n i c s , R o s e n f e l d p r e s e n t e d a t h e o r e t i c a l t r e a t m e n t c o n c e r n e d w i t h m a g ­
n e t i c r o t a t i o n i n a t o m s . S e r b e r ' s t h e o r y , a p p l i c a b l e to m o l e c u l e s i n 
g e n e r a l , w a s d e v e l o p e d s h o r t l y a f t e r R o s e n f e l d ' s , a n d w a s d e s i g n e d to c a l ­
c u l a t e t h e V e r d e t c o n s t a n t far f r o m a n y a b s o r p t i o n i n t h e m o l e c u l a r s y s t e m 
( 8 ) . C a r r o l l s p e c i a l i z e d S e r b e r ' s t h e o r y to the c a s e of d i a t o m i c m o l e c u l e s 
( 9 ) . T h e t h e o r e t i c a l p r e s e n t a t i o n s b y R o s e n f e l d , S e r b e r a n d C a r r o l l w e r e 
a l l c o n c e r n e d w i t h t h e c a l c u l a t i o n of t h e V e r d e t c o n s t a n t . R e c e n t l y , 
s e v e r a l t h e o r i e s of m a g n e t i c a l l y i n d u c e d o p t i c a l a c t i v i t y h a v e b e e n p r e ­
s e n t e d , a n d a r e i n c l u d e d i n a r e v i e w b y B u c k i n g h a m a n d S t e p h e n s ( 1 0 ) . I n 
t h i s r e v i e w t h e a u t h o r s h a v e i n c l u d e d t h e i r o w n d e v e l o p m e n t of m a g n e t i c 
o p t i c a l a c t i v i t y , w h i c h i n c l u d e s M C D a n d M O R D . 
A l l of t h e t h e o r i e s i n c l u d e a s s u m p t i o n s w h i c h m a k e t h e m i n a p p l i ­
c a b l e u n d e r t h e c o n d i t i o n s f a v o r a b l e for t h e o b s e r v a t i o n of M R S . T h e 
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e a r l y t h e o r i e s a r e u s e f u l o n l y i n r e g i o n s of t h e s p e c t r u m far f r o m a b ­
s o r p t i o n . M o r e r e c e n t t h e o r i e s i n c l u d e r e g i o n s of a b s o r p t i o n , b u t o n l y 
if t h e a b s o r p t i o n l i n e w i d t h is m u c h g r e a t e r t h a n the Z e e m a n s p l i t t i n g 
o r v i c e v e r s a . T h e M R S s e e n i n t h i s l a b o r a t o r y w e r e o b s e r v e d w h e n t h e 
a b s o r p t i o n l i n e w i d t h a n d Z e e m a n s p l i t t i n g w e r e o n t h e s a m e o r d e r of 
m a g n i t u d e . It w a s n e c e s s a r y , t h e n , to d e v e l o p a t h e o r e t i c a l p r e s e n t a t i o n 
a p p l i c a b l e to t h e c o n d i t i o n s o b s e r v e d i n this l a b o r a t o r y , a n d to test 
this t h e o r y a g a i n s t the d a t a t h a t w e r e o b t a i n e d . 
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C H A P T E R II 
T H E O R E T I C A L D E V E L O P M E N T 
D e f i n i t i o n s a n d S i g n C o n v e n t i o n s 
T h e r e e x i s t s s o m e c o n f u s i o n i n the l i t e r a t u r e r e g a r d i n g the d e f i ­
n i t i o n s a n d s i g n c o n v e n t i o n s a s s o c i a t e d w i t h m a g n e t i c o p t i c a l a c t i v i t y . 
T o a v o i d s u c h c o n f u s i o n , the d e f i n i t i o n s a n d s i g n c o n v e n t i o n s u s e d i n 
t h i s t h e s i s w i l l b e g i v e n i n t h i s s e c t i o n . 
T h e d i r e c t i o n of the v e c t o r r e p r e s e n t i n g the m a g n e t i c f i e l d i n a 
c o i l is i m p o r t a n t i n a l l of the e x p e r i m e n t s d i s c u s s e d u n d e r the t o p i c of 
m a g n e t o - o p t i c s . T h e d i r e c t i o n of the m a g n e t i c f i e l d v e c t o r i n the c e n t e r 
of a loop of w i r e of r a d i u s r is d e f i n e d b y the v e c t o r p r o d u c e r x i, 
w h e r e i is the p o s i t i v e c u r r e n t f l o w i n g i n the l o o p . 
W h e n l i g h t is v i e w e d a l o n g the a x i s of a h o m o g e n e o u s l o n g i t u d i n a l 
m a g n e t i c f i e l d , the o n l y i n d i c e s of r e f r a c t i o n that r e m a i n c o n s t a n t 
t h r o u g h o u t t h e f i e l d are t h o s e for c i r c u l a r l y p o l a r i z e d l i g h t . If a n 
o b s e r v e r is l o o k i n g t o w a r d the l i g h t s o u r c e , a n d the a x i s of the m a g n e t i c 
f i e l d c o i n c i d e s w i t h the d i r e c t i o n of l i g h t p r o p a g a t i o n , t h e n the e l e c t r i c 
v e c t o r r e p r e s e n t i n g r i g h t c i r c u l a r l y p o l a r i z e d light w i l l r o t a t e c l o c k ­
w i s e w h e n s e e n i n a p l a n e f i x e d i n s p a c e , a n d p e r p e n d i c u l a r to t h e o p t i c a l 
a x i s . 
T h e a n g l e of r o t a t i o n of the p l a n e of p o l a r i z a t i o n of a p o l a r i z e d 
l i g h t b e a m is p o s i t i v e if t h e r o t a t i o n is c o u n t e r c l o c k w i s e w h e n v i e w e d 
l o o k i n g t o w a r d the l i g h t s o u r c e ; p o s i t i v e r o t a t i o n is i n the s a m e s e n s e 
as t h e d i r e c t i o n of p o s i t i v e c u r r e n t i n a c o i l g e n e r a t i n g t h e f i e l d . 
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I n a m a g n e t i c f i e l d the d e g e n e r a c y of the q u a n t u m n u m b e r M is r e ­
m o v e d f o r a t o m i c a n d m o l e c u l a r s t a t e s w h i c h p o s s e s s a m a g n e t i c m o m e n t . 
T r a n s i t i o n s i n w h i c h A M = ±1 w i l l b e c i r c u l a r l y p o l a r i z e d w h e n v i e w e d 
a l o n g the f i e l d a x i s , b u t t r a n s i t i o n s for w h i c h A M = 0 w i l l b e p o l a r i z e d 
p a r a l l e l to the f i e l d d i r e c t i o n a n d thus b e i n v i s i b l e w h e n v i e w e d a l o n g 
the f i e l d a x i s . If the d i r e c t i o n of the m a g n e t i c f i e l d v e c t o r c o i n c i d e s 
w i t h t h e d i r e c t i o n of l i g h t p r o p a g a t i o n a n d b o t h p o i n t t o w a r d the o b s e r v e r , 
a b s o r p t i o n t r a n s i t i o n s i n v o l v i n g A M = ±1 w i l l b e left c i r c u l a r l y p o l a r i z e d 
a n d t r a n s i t i o n s w i t h A M = -1 w i l l b e r i g h t c i r c u l a r l y p o l a r i z e d . T h e 
p o l a r i z a t i o n w i l l b e r e v e r s e d if e m i s s i o n r a t h e r t h a n a b s o r p t i o n is o b ­
s e r v e d . T h i s is s h o w n i n the d i a g r a m i n F i g u r e 1, w h e r e t h e c i r c u l a r 
a r r o w s r e p r e s e n t the m o t i o n of the e l e c t r i c f i e l d v e c t o r v i e w e d i n a 
p l a n e p e r p e n d i c u l a r to the d i r e c t i o n of l i g h t p r o p a g a t i o n . 
P h y s i c a l A s p e c t s of M R S 
C o n s i d e r the m a g n e t i c r o t a t i o n e x p e r i m e n t d e s c r i b e d i n the c o ­
o r d i n a t e s y s t e m s h o w n i n F i g u r e 2. T h e d i r e c t i o n of l i g h t p r o p a g a t i o n 
a n d t h a t of the m a g n e t i c f i e l d v e c t o r w e r e c h o s e n to c o i n c i d e w i t h t h e 
p o s i t i v e z d i r e c t i o n . T h e e l e c t r i c v e c t o r of r a d i a t i o n t r a n s m i t t e d b y 
the p o l a r i z e r n e a r e s t the s o u r c e is p a r a l l e l to the x - a x i s . T h e s e c o n d 
p o l a r i z e r , u s u a l l y d e n o t e d the a n a l y z e r , h a s its a x i s o r i e n t e d r e l a t i v e 
to t h e y - a x i s . T h e a n g l e <j>, d e f i n i n g the r o t a t i o n of the a n a l y z e r a x i s 
r e l a t i v e to the p o s i t i v e y d i r e c t i o n , is p o s i t i v e if the r o t a t i o n is 
c o u n t e r c l o c k w i s e l o o k i n g t o w a r d the l i g h t s o u r c e . T h e m a g n e t i c r o t a t i o n 
e x p e r i m e n t i n v o l v e s the m e a s u r e m e n t of the l i g h t i n t e n s i t y p a s s i n g t h r o u g h 
the a n a l y z e r . T h i s i n t e n s i t y is a f u n c t i o n of b o t h the a n g l e $ a n d the 
f r e q u e n c y of the r a d i a t i o n o b s e r v e d , a n d is the time a v e r a g e of the square, 
of t h e a m p l i t u d e of the e l e c t r i c v e c t o r p a s s e d b y the a n a l y z e r . 
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E x c i t e d 
S t a t e 
M + 1 
M 
M - 1 
G r o u n d S t a t e M 
F i g . 1. P o l a r i z a t i o n of T r a n s i t i o n s B e t w e e n M a g n e t i c S t a t e s . 
F i g . 2. O p t i c a l S y s t e m for the M e a s u r e m e n t of M a g n e t i c R o t a t i o n . 
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In general, the light leaving the sample will be elliptically 
rather than plane polarized, and can be described in terms of right and 
left circularly polarized components. These circular components are 
given by the equations 
27Ti(vt - z/AT) - ( a / 2 ) z 
L = L 6 6 ( 1 ) 
^ -2TTi(vt - z/A ) -(a p/2) z 
E R = E R e e < 2 ) 
where E and E are the magnitudes of the electric vectors, v is the L R 
frequency of the observed radiation, z is the path length through the 
sample that the light has traveled, A refers to the wavelength of the 
radiation in the sample, and a is the absorption coefficient in the 
sample. The wavelength is related to that in a vacuum by the relation 
A = A /n, where A is the vacuum wavelength and n is the index of re-
o o 
fraction in the sample. 
Before light plane polarized along the x-axis enters the sample, 
z = 0 and E° = Ef*. The vector sum of equations (1) and (2) reduces to R L 
plane polarized radiation with its electric vector parallel to the x-axis, 
which must be the case if the representation of the radiation in terms 
of circular components is valid. Generally, after passing a finite 
distance through the sample, the radiation will no longer be plane polar­
ized, and components of the electric vector will appear parallel to both 
the x and y axes. These components are expressed in the following equations 
E L + E R 
E = Real Part of — - (3) 
x 2 
E L + E R 
E^ = Imaginary Part of (4) 
11 
F o r t h e s y s t e m s h o w n i n F i g u r e 3, the e l e c t r i c v e c t o r of the l i g h t 
p a s s e d t h r o u g h t h e a n a l y z e r , E ^ , c a n b e e x p r e s s e d as 
E = E s i n <J) - E cos <J) (5) 
A x y 
If t h e p a t h l e n g t h t h r o u g h the s a m p l e is £, a n d E ° = E ° = E , t h e l i g h t 
p a s s i n g t h r o u g h t h e s a m p l e i n te r m s of its c i r c u l a r c o m p o n e n t s is s h o w n 
b e l o w : 
- ( a /2)l 2fri(vt - In /A ) 
E = E e e L ° (6) 
- ( a / 2 H -2TTi(vt - Jln_/A ) 
E R = E e R (7) 
T h e e l e c t r i c v e c t o r of t h e l i g h t p a s s i n g t h r o u g h t h e a n a l y z e r is 
T h e i n t e n s i t y of the l i g h t p a s s i n g t h r o u g h the a n a l y z e r is t h e tim e 
2 
a v e r a g e of E ^ , 
e * lhcosl(4+z*(vt-JL2**))li 




A n a l y z e r I 




E q u a t i o n (10) is t h e e q u a t i o n of a n e l l i p s e w i t h its m a j o r a x i s 
at a n a n g l e -— (n - n ) r e l a t i v e to the p o s i t i v e y - a x i s . T h e m i n i m u m 
A _ K J-i 
o 
i n t e n s i t y w i l l a p p e a r at t h e F a r a d a y a n g l e , (j) = -— (n - n ). T h e 
AQ R L 
e l l i p t i c i t y of the c u r v e d e s c r i b e d i n e q u a t i o n (10) is g i v e n b y 
L o o k i n g at t h e r i g h t s i d e of e q u a t i o n (10) it c a n b e s e e n t h a t 
t h e i n t e n s i t y is p a r t l y a f u n c t i o n of the c i r c u l a r d i c h r o i s m , g i v e n b y 
t h e f i r s t t e r m i n t h e s u m , a n d p a r t l y a f u n c t i o n of the F a r a d a y r o t a t i o n 
i n d i c a t e d i n the s e c o n d t e r m . O n l y if a = a w o u l d the M R S s i g n a l b e 
R L 
d u e to s i m p l e F a r a d a y r o t a t i o n . T h i s e q u a l i t y is n e v e r r e a l i z e d i n a n y 
s y s t e m e x h i b i t i n g a n M R S , for the e x i s t e n c e of a d i f f e r e n c e i n the i n d i c e s 
of r e f r a c t i o n for c i r c u l a r l y p o l a r i z e d l i g h t i m p l i e s a d i f f e r e n c e i n t h e 
a b s o r p t i o n c o e f f i c i e n t s . T h e a b s o r p t i o n c o e f f i c i e n t a(v) a n d i n d e x of 
r e f r a c t i o n n(v) as f u n c t i o n s of f r e q u e n c y a r e r e l a t e d t h r o u g h t h e 
K r a m e r s - K r o n i g r e l a t i o n s ( 1 1 , 1 2 ) . 





L ncv)z-l] dv1 
(13) 
H e r e c is the v e l o c i t y of l i g h t . T h e r e l a t i o n s h i p b e t w e e n the i n d e x of 
r e f r a c t i o n a n d a b s o r p t i o n c o e f f i c i e n t w i l l b e s e e n a g a i n i n t h e f o r m u l a s 
p r e s e n t e d i n t h e n e x t s e c t i o n of thi s t h e s i s . 
a n d i n d i c e s of r e f r a c t i o n for c i r c u l a r l i g h t o c c u r r e m a i n s to b e c o n s i d ­
e r e d . D i f f e r e n c e s m a y o c c u r d u e to the Z e e m a n s p l i t t i n g o f t r a n s i t i o n s 
i n v o l v i n g r i g h t a n d left c i r c u l a r l i g h t , or b e c a u s e of p e r t u r b a t i o n s i n 
the r e l a t i v e i n t e n s i t i e s of t r a n s i t i o n s i n v o l v i n g r i g h t a n d lef t c i r c u l a r 
l i g h t . If a m o l e c u l a r a b s o r p t i o n s p e c t r u m e x h i b i t i n g r o t a t i o n a l s t r u c t u r e 
e x i s t s a n d is o b s e r v e d i n the a b s e n c e of a n y m a g n e t i c f i e l d , e a c h r o t a t i o n a l 
l i n e s h o u l d a p p e a r as a s i n g l e f e a t u r e w i t h a n a b s o r p t i o n h a l f w i d t h d e t e r ­
m i n e d b y t h e e x p e r i m e n t a l c o n d i t i o n s a n d p r o p e r t i e s of t h e s p e c i e s . If 
e i t h e r of the e l e c t r o n i c s t a t e s i n v o l v e d i n a s p e c i f i c t r a n s i t i o n h a s a m a g ­
n e t i c m o m n e t , a m a g n e t i c f i e l d w i l l s p l i t the M l e v e l s , a n d a lin e w h i c h 
a p p e a r e d s i n g l e a n d s h a r p w i l l b e c o m e a s e t of c l o s e l y s p a c e d Z e e m a n c o m ­
p o n e n t s . W h e n t h e s y s t e m is v i e w e d a l o n g the axi s of the m a g n e t i c f i e l d , 
o n l y t h o s e a b s o r p t i o n t r a n s i t i o n s i n v o l v i n g AM = + 1 (left c i r c u l a r l y p o l a r ­
ized) a n d AM = -1 (right c i r c u l a r l y p o l a r i z e d ) w i l l b e o b s e r v e d . .The s p a c i n g 
b e t w e e n t h e Z e e m a n c o m p o n e n t s w i l l d e p e n d o n t h e m a g n i t u d e of t h e s p l i t t i n g 
of t h e M l e v e l s i n t h e t w o s t a t e s . A l t h o u g h the AM = ±1 t r a n s i t i o n s a r e 
d i s t r i b u t e d m o r e or less u n i f o r m l y t h r o u g h o u t t h e Z e e m a n p a t t e r n , t h e i r 
r e l a t i v e i n t e n s i t i e s are n o t . F r o m this p o i n t f o r w a r d , w e w i l l o n l y c o n ­
s i d e r the c a s e w h e r e t h e u p p e r s t a t e i n v o l v e d i n a t r a n s i t i o n p o s s e s s e s 
a m a g n e t i c m o m e n t . U n d e r this c o n d i t i o n a n R - t y p e t r a n s i t i o n i n a m o l e c u l e 
T h e m e c h a n i s m w h e r e b y d i f f e r e n c e s i n t h e a b s o r p t i o n c o e f f i c i e n t s 
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e x h i b i t i n g the n o r m a l Z e e m a n e f f e c t w i l l h a v e AM = + 1 t r a n s i t i o n s m o s t 
i n t e n s e o n t h e h i g h f r e q u e n c y s i d e of the Z e e m a n p a t t e r n , a n d AM = -1 
t r a n s i t i o n s m o s t i n t e n s e at the low f r e q u e n c y s i d e . 
T h e i n t e n s i t i e s of t h e v a r i o u s Z e e m a n c o m p o n e n t s m a y b e c a l c u l a t e d 
f r o m the e l e c t r i c d i p o l e m o m e n t m a t r i x e l e m e n t s u s i n g a p p r o p r i a t e w a v e 
f u n c t i o n s . A q u a l i t a t i v e i d e a of t h e r e l a t i v e i n t e n s i t i e s of Z e e m a n 
c o m p o n e n t s c a n b e o b t a i n e d f r o m the v e c t o r m o d e l s h o w n i n F i g u r e 4. 
U s i n g t h i s m o d e l , t h e m o s t i n t e n s e t r a n s i t i o n i n v o l v e s the l e a s t c h a n g e 
i n t h e d i r e c t i o n of t h e t o t a l a n g u l a r m o m e n t u m v e c t o r . T h i s r e f l e c t s 
t h e q u a n t u m m e c h a n i c a l r e q u i r e m e n t for i n t e n s e t r a n s i t i o n s w h i c h d e m a n d s 
w a v e f u n c t i o n s w h i c h o v e r l a p w e l l ( 3 , 1 3 ) . T h e r e l a t i v e i n t e n s i t i e s of 
AM = ±1 t r a n s i t i o n s a r e s h o w n f o r a P a n d a n R l i n e i n F i g u r e 5. 
A s s o c i a t e d w i t h e a c h Z e e m a n c o m p o n e n t of a t r a n s i t i o n is a f r e ­
q u e n c y d e p e n d e n t f u n c t i o n r e p r e s e n t i n g the i n d e x of r e f r a c t i o n , a n d 
a n o t h e r r e p r e s e n t i n g the a b s o r p t i o n c o e f f i c i e n t . If (n - n ) a n d 
R L 
(a - a ) a r e c o m p u t e d w i t h i n the f r e q u e n c y r a n g e i n c l u d i n g a w h o l e 
R L 
Z e e m a n p a t t e r n , b o t h f u n c t i o n s w i l l h a v e n o n z e r o v a l u e s t h r o u g h o u t m o s t 
of the Z e e m a n p a t t e r n . I n F i g u r e 6 a a n d F i g u r e 7a t h e s e q u a n t i t i e s a r e 
c a l c u l a t e d for a s i m p l e t r a n s i t i o n i n w h i c h o n l y o n e AM = + 1 a n d o n e 
AM = -1 c o m p o n e n t o c c u r . T h e a d d i t i o n of m o r e c o m p o n e n t s w i l l c o m p l i c a t e 
t h e c a l c u l a t i o n , b u t l e a v e t h e s h a p e of the c u r v e s q u i t e s i m i l a r to t h o s e 
f o u n d i n t h e s i m p l e c a s e of two c o m p o n e n t s . T h e c u r v e s d r a w n i n F i g u r e 6 a 
a n d 7a w o u l d b e a p p l i c a b l e to a n R - t y p e t r a n s i t i o n . F o r a P t r a n s i t i o n , 
the l o c a t i o n of the AM = ±1 c o m p o n e n t s w o u l d b e r e v e r s e d a n d t h e s i g n of 
the r e s u l t a n t c u r v e s w o u l d t h e r e b y b e r e v e r s e d a l s o ( 7 , 8 ) . 
T h e n o r m a l Z e e m a n e f f e c t s p l i t s the M l e v e l s i n s u c h a w a y as to 
m a k e t h o s e w i t h t h e l a r g e s t p o s i t i v e M lie h i g h e s t i n e n e r g y . 
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J + 1 
A M A J M > 0 M < 0 
+ 1 + 1 S t r o n g W e a k 
-1 + 1 W e a k S t r o n g 
+ 1 -1 W e a k S t r o n g 
-1 -1 S t r o n g W e a k 
F i g . 4. V e c t o r M o d e l I n d i c a t i n g T r a n s i t i o n I n t e n s i t i e s — ( O n l y s o m e of 
t h e s t a t e s w i t h J = 4 a n d J = 5 a r e s h o w n . T h e s e a r e a d e q u a t e 
to i l l u s t r a t e the p o i n t i n q u e s t i o n , a n d the s a m e r e s u l t s m a y 
b e o b t a i n e d u s i n g a n y p a i r of s t a t e s w i t h A J = ±1.) 
17 
AM = + 1 
AM = -1 
a . R - L i n e ( I n t e n s i t y is p r o p o r t i o n a l to l i n e length) 
b . P - L i n e 
AM = + 1 




F i g . 5. I n t e n s i t y of Z e e m a n C o m p o n e n t s . 
F i g . 6. A n g l e of R o t a t i o n . 
19 
F i g . 7. C i r c u l a r D i c h r o i s m 
20 
It c a n b e s e e n f r o m F i g u r e 5 t h a t e a c h A M = + 1 t r a n s i t i o n h a s a 
A M = -1 t r a n s i t i o n of e q u a l i n t e n s i t y p l a c e d s y m m e t r i c a l l y o n t h e o p p o s i t e 
s i d e of the z e r o f i e l d t r a n s i t i o n f r e q u e n c y . W h e n the f i e l d is r e m o v e d , 
a l l of t h e l i n e s b e c o m e s u p e r p o s e d , a n d if n o i n t e n s i t y p e r t u r b a t i o n s 
o c c u r , b o t h (n - n ) a n d (a - a ) w i l l b e zero t h r o u g h o u t t h e r e g i o n 
of a b s o r p t i o n . I n t e n s i t y p e r t u r b a t i o n s m a y o c c u r i n o n e of two w a y s : 
1. I n a m a g n e t i c a l l y a c t i v e g r o u n d s t a t e a l l of the v a r i o u s M l e v e l s 
s p l i t b y t h e f i e l d w i l l n o t b e e q u a l l y p o p u l a t e d , a n d t h i s w i l l a f f e c t 
the t r a n s i t i o n i n t e n s i t i e s i n a Z e e m a n p a t t e r n . 2. T h e p r e s e n c e of a 
m a g n e t i c f i e l d c a n c a u s e m i x i n g to o c c u r b e t w e e n a d j a c e n t J s t a t e s i n a 
m o l e c u l e , w h i c h w i l l a f f e c t t r a n s i t i o n p r o b a b i l i t i e s i n a Z e e m a n p a t t e r n . 
T h e s e c o n d m e t h o d of p r o d u c i n g i n t e n s i t y p e r t u r b a t i o n s is the 
m o s t i m p o r t a n t . I n t e r m s of q u a n t u m m e c h a n i c s , t h e m i x i n g is d o n e b y 
t h e m a g n e t i c d i p o l e m o m e n t o p e r a t o r . T h e m a t r i x of this o p e r a t o r i n a 
z e r o f i e l d b a s i s s e t h a s s o m e o f f d i a g o n a l t e r m s w h i c h l e a d to m i x i n g of 
t h e z e r o f i e l d s t a t e s . T h e m i x i n g w i l l o c c u r b e t w e e n s t a t e s h a v i n g the 
s a m e v a l u e of M , b u t d i f f e r i n g i n J b y ± 1 . T h e a m o u n t of m i x i n g w i l l 
d e p e n d o n t h e m a g n e t i c d i p o l e m o m e n t m a t r i x e l e m e n t s a n d o n the e n e r g y 
d i f f e r e n c e b e t w e e n the s t a t e s . L e t the z e r o f i e l d w a v e f u n c t i o n b e 
d e s i g n a t e d b y | n ' , J , M >, w h e r e n ' i n c l u d e s a l l of t h e q u a n t u m n u m b e r s 
n e c e s s a r y to d e s c r i b e the s t a t e e x c e p t J a n d M . T h e w a v e f u n c t i o n i n 
t h e m a g n e t i c f i e l d g i v e n b y f i r s t o r d e r p e r t u r b a t i o n t h e o r y is 
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w h e r e E is the e n e r g y of the s t a t e d e n o t e d b y the s u b s c r i p t s , a n d -y . H 
is the m a g n e t i c d i p o l e m o m e n t o p e r a t o r ( 1 4 ) . 
W h e n t h e e l e c t r i c d i p o l e m o m e n t t r a n s i t i o n p r o b a b i l i t y f o r the 
Z e e m a n c o m p o n e n t s of a t r a n s i t i o n a r e c a l c u l a t e d u s i n g the p e r t u r b e d w a v e 
f u n c t i o n s , the s y m m e t r y w h i c h e x i s t e d b e t w e e n A M = ±1 t r a n s i t i o n s is 
d e s t r o y e d . T h e d e s t r u c t i o n of this s y m m e t r y w i l l l e a v e e i t h e r A M = + 1 o r 
A M = -1 t r a n s i t i o n s m o r e i n t e n s e , a n d M O R D a n d M C D w i l l b e n o n z e r o e v e n 
w h e n n o Z e e m a n s p l i t t i n g o c c u r s . T h i s e f f e c t is d e m o n s t r a t e d i n F i g u r e 
6b a n d F i g u r e 7 b . 
I n F i g u r e s 6c a n d 7c are s h o w n a c o m b i n a t i o n of the e f f e c t s c a u s e d 
b y Z e e m a n s p l i t t i n g a n d i n t e n s i t y p e r t u r b a t i o n s o n M O R D a n d M C D . T h e s e 
l a s t f i g u r e s w o u l d b e e x p e c t e d to p r o v i d e the m o s t r e a l i s t i c p i c t u r e of 
any r e a l s y s t e m , for b o t h e f f e c t s m u s t b e c o n s i d e r e d . 
A n y t h e o r e t i c a l a p p r o a c h to M C D a n d M O R D m u s t b e a b l e to d e t e r m i n e 
the r e l a t i v e i m p o r t a n c e of the Z e e m a n a n d p e r t u r b a t i o n e f f e c t s . A n y 
c a l c u l a t i o n s of s u c h m a g n e t i c o p t i c a l p h e n o m e n a w i l l r e q u i r e s p e c i f i c 
a s s u m p t i o n s a b o u t the m o l e c u l a r s y s t e m i n q u e s t i o n . It w i l l b e n e c e s s a r y 
to k n o w the n a t u r e of the e l e c t r o n i c s t a t e s i n v o l v e d as w e l l as the a b ­
s o r p t i o n l i n e w i d t h , if n o t the line s h a p e . I n o r d e r to test the t h e o r y 
e x p e r i m e n t a l l y , the s l i t w i d t h a n d a n y o t h e r i m p o r t a n t e x p e r i m e n t a l 
p a r a m e t e r s m u s t b e t a k e n i n t o a c c o u n t . T h e s e r e q u i r e m e n t s a p p e a r to b e 
q u i t e d e m a n d i n g , b u t p a s t e x p e r i e n c e i n this l a b o r a t o r y h a s i n d i c a t e d 
t h a t o n l y b y c o n s i d e r i n g a l l of t h e m w i l l a n a d e q u a t e u n d e r s t a n d i n g of 
m a g n e t i c o p t i c a l e f f e c t s i n s i m p l e m o l e c u l e s b e o b t a i n e d . 
F o r m u l a s 
S e r b e r p r e s e n t e d one of the e a r l i e s t t h e o r e t i c a l d e v e l o p m e n t s o n 
m a g n e t i c r o t a t i o n i n m o l e c u l e s , a n d h i s a p p r o a c h is s t i l l u s e d i n m o r e 
22 
m o d e r n t h e o r i e s o n m a g n e t i c o p t i c a l a c t i v i t y ( 2 ) . H e c a l c u l a t e d t h e 
V e r d e t c o n s t a n t , s t a r t i n g f r o m a n e q u a t i o n g i v e n b y K r a m e r s ( 1 5 ) . T h i s 
e q u a t i o n g a v e the r o t a t i o n , <j), of the p l a n e of p o l a r i z a t i o n of a li g h t 
b e a m p a s s i n g t h r o u g h a s a m p l e i n the e x p r e s s i o n 
0 _ 8nVNl V ! (£lM<suis'><s'Wis> 
1 oh / (vl-m) \Q )
 ( 1 5 ) 
S , S ' 
is t h e r o t a t i o n of the p l a n e p e r c e n t i m e t e r of s a m p l e t r a v e r s e d , V G G T 
is t h e t r a n s i t i o n f r e q u e n c y b e t w e e n q u a n t u m s t a t e s d e f i n e d b y s a n d s', N 
is the n u m b e r d e n s i t y of the m o l e c u l e s , w g is the g r o u n d s t a t e e n e r g y a n d 
Q t h e p a r t i t i o n f u n c t i o n . T h e o p e r a t o r s x a n d y are c o m p o n e n t s of t h e 
e l e c t r i c d i p o l e m o m e n t o p e r a t o r r e l a t i v e to a s p a c e f i x e d c o o r d i n a t e s y s t e 
It is n o t o b v i o u s t h a t K r a m e r ' s e q u a t i o n is r e l a t e d to ri g h t a n d 
left c i r c u l a r l y p o l a r i z e d l i g h t , b u t s u c h a r e l a t i o n s h i p is e a s i l y d e m o n ­
s t r a t e d . F i r s t let e q u a t i o n (15) b e r e w r i t t e n as 
0 - - S T T V - N 
ch L-^-Vtt'AQ } d 6 ) 
S S ' 
T h e m a t r i x e l e m e n t s c a n b e r e a r r a n g e d as i n 
<six|s'Xs'lYls>« <slK+tylS ' X*'IVls>- L<SIYl-s'X^lYls> 
(17) 
w h e r e t h e fir s t t e r m 
i n v o l v e s A M = + 1 , or 
o n the r i g h t is zero if the t r a n s i t i o n 
t h e y m a y b e r e a r r a n g e d to g i v e 
f r o m s to s' 
23 
<-s/x|S'Xs'IYis> =<s|K-cy|s'Xs'!Yls> + I<SIYIS'XS'IV|S>
 ( 1 8 ) 
w h e r e the f i r s t t e r m o n the r i g h t is zero for a A M = -1 t r a n s i t i o n . 




S S ' 
(19) 
E q u a t i o n (19) c a n b e g i v e n as 
l<SIXIS '> | 
s,s 
s.s 
eiT) Ksixis'X Z (20) 
S i n c e the sums i n e q u a t i o n s (19) a n d (20) i n v o l v e t e r m s a s s o c i a t e d w i t h 
cir.cular l i g h t , it is n o w a p p a r e n t that e q u a t i o n (20) r e p r e s e n t s the 
d i f f e r e n c e b e t w e e n q u a n t i t i e s a s s o c i a t e d w i t h r i g h t a n d lef t c i r c u l a r 
p o l a r i z a t i o n . B e c a u s e of the n a t u r e of the f r e q u e n c y d e p e n d e n c e i n 
e q u a t i o n ( 2 0 ) , t h i s f o r m u l a is n o t a p p l i c a b l e w h e n v is v e r y n e a r v s g t « 
T o go f r o m e q u a t i o n (15) to a f o r m u l a for the V e r d e t c o n s t a n t , 
S e r b e r e x p a n d e d the m a t r i x e l e m e n t s , t r a n s i t i o n f r e q u e n c y , g r o u n d s t a t e 
24 
e n e r g y , a n d p a r t i t i o n f u n c t i o n i n p o w e r s e r i e s of the m a g n e t i c f i e l d 
t 
i n t e n s i t y . T h e s e s e r i e s w e r e of the f o r m w = w + H w + .... T h e 
s s s 
e x p a n d e d t e r m s w e r e s u b s t i t u t e d i n t o e q u a t i o n ( 1 5 ) , a n d t h e t e r m s f i r s t 
o r d e r i n H c o l l e c t e d to giv e the f o l l o w i n g type of f o r m u l a for the 
V e r d e t c o n s t a n t : 
Z _ li^.-v^y [vi-v>) T(K.-v>)) (2D 
w h e r e B is a c o n s t a n t d e p e n d e n t o n t h e s y s t e m to b e s t u d i e d . T h e " a " 
ter m s a r i s e f r o m Z e e m a n s p l i t t i n g i n t h e g r o u n d a n d e x c i t e d s t a t e s , a n d 
i n c l u d e m a t r i x e l e m e n t s of the f o l l o w i n g f o r m : 
T h e " b " t e r m s a r e d u e to t h e p e r t u r b a t i o n of i n t e n s i t i e s of t h e A M = ±1 
t r a n s i t i o n s . T h e p e r t u r b a t i o n s are c a u s e d b y the m i x i n g of s t a t e s i n 
the g r o u n d a n d e x c i t e d s t a t e d u e to the p r e s e n c e of the m a g n e t i c f i e l d . 
T h e m a t r i x e l e m e n t s that a p p e a r i n t h e " b " t e r m s h a v e t h e f o r m 
[<S/*/S'><S'L/I-"ITI S"XS'«/V/S>-<5 ]V/S 'X^7/ '^ /^ / X^' /X/5>J 
or 
F<S/IT'7T;S'><S'/XIJXS ,IYIS>-<S/ /W."?T/S*><S'/Y/S'><S I/*/S>J 
T h e " c " t e r m s a r e a l s o d u e to i n t e n s i t y p e r t u r b a t i o n s , b u t t h e s e a r e c a u s e d 
b y p o p u l a t i o n e f f e c t s i n a m a g n e t i c a l l y a c t i v e g r o u n d s t a t e . T h e s e " c " 
t e r m s a r e g e n e r a l l y c a l l e d the p a r a m a g n e t i c t e r m s , d u e to the n a t u r e of 
25 
t h e i r temperature dependence , and they i n v o l v e ma t r ix e lements o f the 
form 
[ V S I ^ ' T ( L S > < ^ / X / 5 i X 5 M y / S > - < S L Y ? ^ / 5 > < $ I Y / S ' > < S W > C / S > J 
S e r b e r ' s formula was a p p l i e d t o some e x p e r i m e n t a l da ta a v a i l a b l e 
on 1^ and the d i a l k a l i v a p o r s . The data were e x p l a i n e d on the b a s i s o f 
"a" terms o n l y , even though the formula was a p p l i e d w i t h o u t j u s t i f i ­
c a t i o n near r e g i o n s o f a b s o r p t i o n . C a r r o l l used S e r b e r ' s formula t o 
c o n s i d e r as w e l l as Na^ and K^, but t h i s t ime the ? ' b M terms were 
i n c l u d e d i n the c a l c u l a t i o n s . Even though the formula was aga in a p p l i e d 
near a b s o r p t i o n , C a r r o l l was a b l e to e x p l a i n the data i n a manner which 
d i d n o t ag ree i n a l l o f i t s d e t a i l s wi th S e r b e r ' s p r e v i o u s e x p l a n a t i o n 
based on "a" terms o n l y . 
S i n c e S e r b e r ' s formula W A S on ly s u i t a b l e f a r from a b s o r p t i o n , i t 
remained t o d e v e l o p a t heo ry which would be a p p l i c a b l e w i t h i n a reas o f 
a b s o r p t i o n . R e c e n t l y , Stephens has P R E S E N T E D formulas t o c a l c u l a t e MCD 
and MORD ( 1 0 , 1 6 , 1 7 ) . He a p p l i e d A D A M P E D f r equency f u n c t i o n and i n so 
d o i n g made the formulas s u i t a b l e f o r use w i t h i n r e g i o n s o f a b s o r p t i o n . 
To d e v e l o p h i s f o r m u l a s , Stephens assumed that the a b s o r p t i o n l i n e wid th 
was v e r y much g r e a t e r than any Z E E M A N s p l i t t i n g that c o u l d o c c u r . These 
formulas are e s p e c i a l l y s u i t e d T O T H E S T U D Y o f s o l u t i o n s and s o l i d s , where 
a b s o r p t i o n l i n e wid ths are ve ry L A R G E . I f 6 I i s taken t o be the c i r c u l a r 
d i c h r o i s m induced in a sample N E A R A F T a n s i t i o n from s t o s ' by a magne t i c 
f i e l d and (F> , the Faraday r o t a t i o n , then 0 , A ( a - a ) and (J) » A ( n - n ) . 
ss s s R L s s K L 
S tephens ' formulas g i v e 
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 + C s s 
"I 
kT (23) 
w h e r e v is i n c m ^ a n d T is the a b s o r p t i o n line h a l f w i d t h . T h e A , B 
a n d C t e r m s i n S t e p h e n s ' f o r m u l a s i n c l u d e the s a m e t y p e s of m a t r i x 
e l e m e n t s as t h o s e a p p e a r i n g i n S e r b e r ' s " a " , " b " , a n d " c " t e r m s , a n d 
a r e a s c r i b e d to t h e s a m e c a u s e s . 
N e i t h e r the f o r m u l a s of S e r b e r n o r t h o s e of S t e p h e n s a r e a p p l i c a b l e 
to the c a s e w h e r e the a b s o r p t i o n line w i d t h is of t h e s a m e o r d e r of m a g n i ­
t u d e as t h e Z e e m a n s p l i t t i n g . T h e o r i e s h a v e b e e n p r e s e n t e d b y S a g e a n d 
G r o e n e w e g e , b u t they a r e n o t a p p l i c a b l e u n d e r t h e c o n d i t i o n s e x i s t i n g 
w h e n a n M R S is o b s e r v e d ( 1 8 , 1 9 ) . 
S t a r t i n g f r o m f o r m u l a s for the i n d e x of r e f r a c t i o n a n d a b s o r p t i o n 
c o e f f i c i e n t for a c l a s s i c a l o s c i l l a t o r , a n d u s i n g t h e V a n V l e c k - W e i s s k o p f 
27 
d a m p e d l i n e s h a p e , it is p o s s i b l e to d e r i v e f o r m u l a s f or F a r a d a y r o t a t i o n 
a n d c i r c u l a r d i c h r o i s m a p p l i c a b l e u n d e r the c o n d i t i o n s i m p o s e d b y m a g n e t i c 
r o t a t i o n . B a s e d o n t h e a s s u m p t i o n t h a t t h e i n d e x of r e f r a c t i o n s q u a r e d 
is a p p r o x i m a t e l y e q u a l to the d i e l e c t r i c c o n s t a n t , 
trmW-W) I L P V « { - » ) J r'.ivsvFlj . (24) 
w h e r e e is the e l e c t r o n i c c h a r g e , m t h e m a s s of the o s c i l l a t o r , a n d v 
o 




 z-nv0m lr^lva'V)"\ (25) 
S i n c e n - 1 i n a gas at l o w p r e s s u r e , 
(26) 
To go f r o m the c l a s s i c a l e x p r e s s i o n to its q u a n t u m m e c h a n i c a l c o u n t e r p a r t 
2 2 i 12 
v w i l l b e c o m e v ., a n d e /m w i l l b e r e p l a c e d b y (8TT V ,/3h) £ , , 
o ss ss 1 ss 1
w h e r e £ . is the e l e c t r i c d i p o l e m o m e n t m a t r i x e l e m e n t b e t w e e n s a n d s'. 
ss r 
T h e e x p r e s s i o n f o r n w i l l b e c o m e 
o r if v is e x p r e s s e d i n cm , (28) 
28 
w h e r e N is n o w the g r o u n d s t a t e p o p u l a t i o n d e n s i t y . 
i 12 
T h e m a t r i x e l e m e n t £ . c a n b e e x p r e s s e d i n ter m s of its x , y 
a n d z c o m p o n e n t s r e l a t i v e to a s p a c e f i x e d c o o r d i n a t e s y s t e m . 
\£Cr,\Z- / < s u i s ' > | 2 + | < S I V I S ' > | z +• I <slz l s '> | 2 
S S
 . (29) 
W h e n c o n s i d e r i n g the i n d e x of r e f r a c t i o n for c i r c u l a r l y p o l a r i z e d l i g h t , 
o n l y t h e x a n d y c o m p o n e n t s c o n t r i b u t e , a n d 
/<sixis'>lz = Ks/yis'>l 
T h e i n d e x of r e f r a c t i o n for c i r c u l a r l y p o l a r i z e d l i g h t c a n b e e x p r e s s e d 
as 
-f 4n N ia)w-v) 
(30) 
If m o r e t h a n o n e t r a n s i t i o n o c c u r s i n the s a m e r e g i o n of t h e s p e c t r u m , 
t h e i n d e x of r e f r a c t i o n for c i r c u l a r l y p o l a r i z e d l i g h t w i l l b e 
+ 
4tt V fas--V) N /<SIX|S'>/ 
3h 
s.s' (31) 
T h e F a r a d a y r o t a t i o n p e r u n i t p a t h l e n g t h t h r o u g h t h e s a m p l e c a n b e 
e x p r e s s e d as 
29 
& s Ail 
I 3 A c 
A M " - I 
S.S' * s 
S.S' 
(32) 
R e t u r n i n g to the c l a s s i c a l o s c i l l a t o r , the a b s o r p t i o n c o e f f i c i e n t 
is g i v e n b y 
if v •+ V 
0( & r 
(34) 
a n d the q u a n t u m m e c h a n i c a l s u b s t i t u t i o n y i e l d s 
lie N T T 
3 h e [ ( v - i ^ * - 1 - £ ; (35) 
F o r c i r c u l a r l y p o l a r i z e d l i g h t , 
a O R C
' " 3 k c
 ( 3 6 ) 
a n d if s e v e r a l t r a n s i t i o n s o c c u r i n the s a m e v i c i n i t y , 
30 
•*s- ( 3 7 ) 
s.s' 
where v is expressed in cm . The circular dichroism per unit path length 
li. = a R / 4 - aJit> a n d 
AM-
I 3Ac / Z_C^-^t rj 
S-S' (38) 
E q u a t i o n s (32) a n d (38) p r o v i d e a s t a r t i n g p o i n t for the d e v e l o p ­
m e n t of a t h e o r y of m a g n e t o - o p t i c s s i m i l a r to t h a t p r o v i d e d for S e r b e r i n 
e q u a t i o n ( 1 5 ) . S i n c e it is d e s i r e d to p r o d u c e a t h e o r y s u i t a b l e for 
a p p l i c a t i o n s w h e r e f is t h e s a m e s i z e as t h e Z e e m a n s p l i t t i n g , a n e x p a n s i o n 
s i m i l a r to S e r b e r ' s w i l l n o t w o r k . T h e f r e q u e n c y d e p e n d e n t f u n c t i o n s w o u l d 
l e n d t h e m s e l v e s to s u c h a n e x p a n s i o n if T w e r e m u c h l a r g e r t h a n the Z e e m a n 
e f f e c t , or v i c e v e r s a . B e c a u s e the f r e q u e n c y d e p e n d e n t f u n c t i o n s c a n n o t 
b e s i m p l y e x p a n d e d i n p o w e r s of the m a g n e t i c f i e l d i n t e n s i t y , the m a g n e t i c 
f i e l d e f f e c t s m u s t b e i n t r o d u c e d i n t o e q u a t i o n s (32) a n d (38) i n s o m e 
o t h e r w a y . 
3 1 
T h e IC£ t r a n s i t i o n ( T T ^ E+) s t u d i e d i n this l a b o r a t o r y i n v o l v e s 
o n l y a m a g n e t i c a l l y a c t i v e e x c i t e d s t a t e . B e c a u s e t h e g r o u n d s t a t e w i l l 
e x h i b i t n o Z e e m a n s p l i t t i n g , it s h o u l d b e p o s s i b l e to n e g l e c t t h e p o p u l a t i o n 
f a c t o r w h e n c a l c u l a t i n g m a g n e t o - o p t i c a l e f f e c t s . T h e o n l y t e r m s r e m a i n i n g 
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i n e q u a t i o n s (32) a n d (38) w h i c h c a n b e a f f e c t e d b y a m a g n e t i c f i e l d a r e 
th e f r e q u e n c y v s g i a n d t h e m a t r i x e l e m e n t s . If t h e s u m m a t i o n s a r e t a k e n 
o v e r a l l of the Z e e m a n c o m p o n e n t s of a t r a n s i t i o n , the e f f e c t of the 
m a g n e t i c f i e l d o n the f r e q u e n c y w i l l b e t a k e n i n t o a c c o u n t . 
M a g n e t i c e f f e c t s o n t h e m a t r i x e l e m e n t s m u s t b e c o n s i d e r e d i n 
te r m s of t h e m a g n e t i c f i e l d p e r t u r b a t i o n s o n the w a v e f u n c t i o n s u s e d to 
c a l c u l a t e the m a t r i x e l e m e n t s . T h e m a g n e t i c d i p o l e m o m e n t w i l l m i x n e a r ­
b y s t a t e s h a v i n g J d i f f e r e n t b y ±1 w i t h t h e ze r o f i e l d s t a t e s . A ze r o 
f i e l d m a t r i x e l e m e n t < s | x | s ' > w i l l n o w b e c o m e 
S" 
f r o m e q u a t i o n ( 1 4 ) . T h i s m a t r i x e l e m e n t c a n b e e x p a n d e d to g i v e 
<s(x|s*>- ^ ^ < s M f f i | s * > \ < s i m " > 
w h e r e t h e s u m w i l l c o n s i s t of at m o s t t w o t e r m s , c o r r e s p o n d i n g to J's 
d i f f e r e n t f r o m t h a t i n s' b y ± 1 . 
W h e n t h e m a g n e t i c a l l y p e r t u r b e d m a t r i x e l e m e n t s a r e s u b s t i t u t e d 
i n t o e q u a t i o n s (32) a n d ( 3 8 ) , a n d te r m s s e c o n d o r d e r i n t h e i r f i e l d 
d e p e n d e n c e a r e n e g l e c t e d , 
(39) 
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a n d 
(40) 
I n o r d e r to u s e e q u a t i o n s (39) a n d ( 4 0 ) , it is n e c e s s a r y to a s s u m e 
a m o l e c u l a r m o d e l , so t h a t the m a g n e t i c m o m e n t , w a v e f u n c t i o n s a n d l i n e 
w i d t h s c a n b e a p p r o x i m a t e d . If the f o r m u l a s a r e to b e t e s t e d a g a i n s t 
e x p e r i m e n t a l d a t a , e x p e r i m e n t a l p a r a m e t e r s s u c h as t h e s l i t f u n c t i o n m u s t 
b e t a k e n i n t o a c c o u n t . W h e n c a l c u l a t i n g the m a t r i x e l e m e n t s i n e q u a t i o n s 
(39) a n d (40) , it is u s u a l l y a s s u m e d t h a t t h e r o t a t i o n a l w a v e f u n c t i o n 
w i l l s e p a r a t e f r o m t h e r e m a i n d e r of t h e w a v e f u n c t i o n d e s c r i b i n g a s t a t e . 
T h i s r e d u c e s t h e m a t r i x e l e m e n t s to a c o n s t a n t t e r m , d e p e n d i n g o n a l l b u t 
t h e r o t a t i o n a l w a v e f u n c t i o n s , m u l t i p l i e d b y a m a t r i x e l e m e n t d e p e n d i n g 
o n l y o n t h e r o t a t i o n a l s t a t e s i n v o l v e d . In m a n y c a s e s t h e s y m m e t r i c r o t o r 
w a v e f u n c t i o n s c a n b e u s e d to e v a l u a t e t h e s e r o t a t i o n a l m a t r i x e l e m e n t s . 
T h e two t y p e s of t e r m s a p p e a r i n g i n e q u a t i o n s (39) a n d (40) u n d e r 
the s u m m a t i o n s o v e r s a n d s' c o r r e s p o n d to S e r b e r ' s " a " a n d " b " t e r m s . 
T h e p a r a m a g n e t i c t e r m s w o u l d a p p e a r if g r o u n d s t a t e p o p u l a t i o n s w e r e 
c o n s i d e r e d . G i v e n a s u i t a b l e m o l e c u l a r m o d e l , it s h o u l d b e p o s s i b l e to 
c a l c u l a t e m a g n e t i c o p t i c a l e f f e c t s u s i n g e q u a t i o n s (39) a n d ( 4 0 ) , if t h e 
p a r a m a g n e t i c t e r m s a r e n e g l i g i b l e . 
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C H A P T E R III 
E X P E R I M E N T — P U L S E D D I S C H A R G E S 
A p p a r a t u s for P u l s e d E n e r g y E x p e r i m e n t s 
T h e t r a n s i t i o n i n ICZ w a s s t u d i e d b y t h r e e d i f f e r e n t 
e x p e r i m e n t a l t e c h n i q u e s . T w o of t h e e x p e r i m e n t s i n v o l v e d t h e u s e of 
c a p a c i t o r d i s c h a r g e s , a n d the c o m p o n e n t s of t h e a p p a r a t u s u s e d for t h e 
p u l s e d e x p e r i m e n t s w i l l b e d i s c u s s e d i n t h i s s e c t i o n . 
T h r e e ICZ s a m p l e s w e r e u s e d i n t h e e x p e r i m e n t s . S a m p l e A w a s 
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e n r i c h e d i n t h e CI i s o t o p e to 9 6 . 8 p e r c e n t . T h e c h l o r i n e w a s o b t a i n e d 
f r o m t h e I s o t o p e s D i v i s i o n of t h e O a k R i d g e N a t i o n a l L a b o r a t o r y , i n t h e 
f o r m of N a C & . T h e NaC& w a s o x i d i z e d w i t h K M n O , i n 3 F H „ S O . , a n d t h e C £ . 
4 2 4 2 
p r o d u c e d w a s r e a c t e d w i t h a w e i g h e d a m o u n t of to p r o d u c e ICl. T h e 
s a m p l e w a s c o n t a i n e d i n a P y r e x t u b e 25 m m i n d i a m e t e r a n d 50 c m l o n g , w i t h 
o b t i c a l w i n d o w s s e a l e d to t h e e n d s . S a m p l e s B a n d C w e r e p r e p a r e d w i t h 
F i s h e r p r a c t i c a l g r a d e ICS,, w h i c h w a s d i s t i l l e d t w i c e b e f o r e b e i n g u s e d . 
T h e p u r i t y of t h e s e s a m p l e s w a s c h e c k e d b y s e a r c h i n g for e v i d e n c e of i n 
t h e M R S . S a m p l e B w a s p l a c e d i n t o a P y r e x t u b e 35 m m i n d i a m e t e r a n d 50 c m 
l o n g , a n d S a m p l e C u t i l i z e d a t u b e 22 m m i n d i a m e t e r a n d 25 c m l o n g . T h e 
p r e s s u r e i n b o t h of t h e s e s a m p l e s w a s a d j u s t e d to m a x i m i z e the i n t e n s i t y 
of t h e m a g n e t i c r o t a t i o n s i g n a l s t h e y p r o d u c e d . 
T w o s p e c t r o g r a p h s w e r e u s e d i n the e x p e r i m e n t s . L o w r e s o l u t i o n w a s 
o b t a i n e d o n a B a u s c h a n d L o m b M o d e l 11 E a g l e t y p e m o u n t , e q u i p p e d w i t h a 
6 3 5 . 3 l i n e s p e r m m g r a t i n g b l a z e d at 6 0 00 X. T h e d i s p e r s i o n o b t a i n e d w i t h 
t h i s i n s t r u m e n t w a s 10.6 X p e r m m , i n the f o c a l p l a n e . H i g h r e s o l u t i o n 
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was obtained on a Jarrell-Ash Mark IV 3.4 meter Ebert type spectrograph. 
A 7,500 lines per inch grating blazed at 59° was used, and the instrument 
was modified to improve its focussing properties by adjusting the plane 
of the entrance slit to coincide with the focal plane. The spectrum of 
ICl ("^ i **" ~^+) occurs around 6000 X, and was observed in the ninth and 
tenth orders. Dispersion in the ninth order was .55 X per mm and .50 X 
per mm in the tenth. The detection was photographic or photoelectric. 
Photographic data were recorded on Eastman Kodak 103 a-F and 103 a-D plates, 
103 a-F film, and a high speed recording film, Kodak type 2475. 
Pulsed experiments were recorded photometrically with an E.M.I. 
9558-B photomultiplier tube. A cathode follower was placed inside the 
photomultiplier housing to reduce the output impedence. The output from 
the cathode follower was amplified and displayed on the screen of a Tektronix 
Model 564 storage oscilloscope. The oscilloscope display was examined 
using the storage facility, and recorded permanently on Polaroid Type 107 
film when it was necessary. The cathode follower and amplifier circuit 
are shown in Figure 8. The power supply used with the photomultiplier 
for the pulsed experiments produced 0 to -1100 V, and was filtered but 
unregulated. To limit extraneous fields reaching the photomultiplier, a 
mu-metal shield was placed around the tube, and the body of the housing 
was made of nickel. Facilities were provided to cool the photomultiplier 
housing to dry ice temperature. 
Three solenoids were used to produce pulsed magnetic fields. The 
coils were wound on plastic tubes, and those used to produce fields in 
excess of 10,000 gauss were externally supported by plastic (mycarta) 
sleeves. Solenoid I was used to produce fields up to 10,000 gauss in a 
Fig. 8. Cathode Follower and Preamplifier Circuit. 
36 
r e l a t i v e l y l a r g e v o l u m e . T h e c o i l w a s w o u n d o n a L u c i t e t u b e 45 m m O . D . , 
38 m m I.D., a n d 70 c m l o n g , a n d c o n s i s t e d of t h r e e l a y e r s of c o t t o n a n d 
F o r m v a r i n s u l a t e d A . W . G . N o . 16 c o p p e r w i r e . T e f l o n i n s u l a t i o n .010 i n c h e s 
t h i c k w a s p l a c e d b e t w e e n t h e l a y e r s , a n d a l a y e r of S c o t c h N o . 33 e l e c t r i c a l 
t a p e w a s w o u n d a r o u n d the o u t e r l a y e r to h o l d t h e w i r e i n p l a c e . T h e 
l e n g t h of t h e c o i l w a s 65 c m . T h e m a g n e t i c f i e l d w a s p r o d u c e d b y t h e d i s ­
c h a r g e of a 6 1 . 5 m f c a p a c i t o r , a n d the m a x i m u m f i e l d p r o d u c e d w a s 2.1 t i m e s 
t h e d i s c h a r g e v o l t a g e of t h e c a p a c i t o r . T h e p e r i o d of o s c i l l a t i o n of t h i s 
c i r c u i t w a s 3.5 m s e c . 
S o l e n o i d s II a n d I I I p r o d u c e d h i g h e r f i e l d s , a n d w e r e r e t a i n e d b y 
e x t e r n a l p l a s t i c s l e e v e s . T h e s e c o i l s w e r e u s e d w i t h a 2 4 1 . 5 m f b a n k of 
c a p a c i t o r s . A p a r t i a l c r o s s s e c t i o n of s o l e n o i d II is s h o w n i n F i g u r e 9. 
T h i s c o i l w a s w o u n d o n a m y c a r t a c o r e 38 m m O . D . , 26 m m I.D., a n d 25.5 c m 
l o n g , a n d c o n s i s t e d of a s i n g l e l a y e r of F o r m v a r i n s u l a t e d A . W . G . N o . 14 
c o p p e r w i r e . It w a s r e t a i n e d b y t h r e e m y c a r t a s l e e v e s 88 m m O . D . , 4 3 m m 
I.D., a n d 7.2 c m l o n g . T h e m a x i m u m f i e l d p r o d u c e d b y t h i s c o i l w a s 10 
t i m e s t h e d i s c h a r g e v o l t a g e of t h e c a p a c i t o r b a n k , a n d h a d a n o s c i l l a t i o n 
p e r i o d of 960 m i c r o s e c o n d s . S o l e n o i d I I I w a s w o u n d o n a m y c a r t a c o r e 32 m m 
O . D . , 25 m m I.D., a n d 49 c m l o n g , a n d c o n s i s t e d of a s i n g l e l a y e r of F o r m ­
v a r i n s u l a t e d A . W . G N o . 14 c o p p e r w i r e . It w a s r e t a i n e d b y f i v e m y c a r t a 
s l e e v e s 95 m m O . D . , 37 m m I.D., a n d 7.2 c m l o n g , w h i c h w e r e f i t t e d w i t h 
b r a s s f i t t i n g s to a l l o w a i r to b e b l o w n a r o u n d t h e c o i l for c o o l i n g d u r i n g 
r e p e a t e d p u l s e e x p e r i m e n t s . T h e m a x i m u m f i e l d p r o d u c e d b y t h i s c o i l w a s 
8.5 t i m e s t h e d i s c h a r g e v o l t a g e , w i t h a p e r i o d of 1070 m i c r o s e c o n d s . T h e 
i m p o r t a n t c h a r a c t e r i s t i c s of t h e t h r e e s o l e n o i d s a r e s u m m a r i z e d i n T a b l e 1. 
T h e c a p a c i t o r s u s e d w i t h t h e s o l e n o i d s c o n s i s t e d of two b a n k s 
s t o r e d i n a s i n g l e u n i t , w h i c h c o n t a i n e d the s w i t c h i n g a n d s a f e t y c i r c u i t s 
21.6 c m 
A l l d i m e n s i o n s f u l l s c a l e e x c e p t o v e r a l l l e n g t h . 
A l l p a r t s M y c a r t a , w i r e A W G N o . 14 F o r m v a r c o v e r e d c o p p e r . 
F i g . 9. P u l s e d F i e l d S o l e n o i d . 
T a b l e 1. S o l e n o i d S p e c i f i c a t i o n s 
S o l e n o i d 
W i r e 
S i z e 
(AWG) 
A v e r a g e 
R a d i u s 
of C o i l 
(cm) 
L e n g t h 
of C o i l 
(cm) 
D i s c h a r g e 
C a p a c i t o r 
(mf) 
M a x . F i e l d 
(Gauss p e r 
V o l t o n Cap) 
N u m b e r 
of L a y e r s 
i n C o i l 
P e r i o d of 
O s c i l l a t i o n 
( m i c r o s e c s ) 
I 16 2.5 6 4 . 5 61.0 2.07 3 3,500 
II 14 2.0 2 1 . 5 2 4 1 . 5 10.04 1 960 
III 14 1.7 36.0 2 4 1 . 5 8.52 1 1,070 
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as w e l l as t h e c a p a c i t o r s . T h e c i r c u i t for t h i s u n i t is s h o w n i n F i g u r e 
1 0 . T h e d e s i g n of t h i s c i r c u i t , as w e l l as t h e r e m a i n d e r of t h e p u l s e d 
c i r c u i t r y w a s d e r i v e d f r o m t h e l i t e r a t u r e ( 2 0 - 4 5 ) . T h e c a p a c i t o r s u s e d 
i n t h e s e b a n k s w e r e C o r n e l l - D u b i l i e r N R G T y p e 211 c a p a c i t o r s , w i t h a 
n o m i n a l c a p a c i t a n c e of 60 m f at 10 k v , a n d w e r e d e s i g n e d e s p e c i a l l y for 
p u l s e d d i s c h a r g e s . For s a f e t y p u r p o s e s , e a c h c a p a c i t o r b a n k w a s e q u i p p e d 
w i t h a s o l e n o i d o p e r a t e d c o p p e r s h o r t i n g b a r , w h i c h h a d to b e d e l i b e r a t e l y 
a c t i v a t e d b e f o r e a b a n k c o u l d b e c h a r g e d . T h e c h a r g i n g r e s i s t o r s w e r e 
p r o v i d e d to i s o l a t e the p o w e r s u p p l y f r o m t h e c a p a c i t o r s . S p a r k g a p s w e r e 
u s e d as s w i t c h e s , a n d w e r e t r i g g e r e d b y p u l s e s f r o m 12 v a u t o m o b i l e 
i g n i t i o n c o i l s . A r g o n w a s b l e d t h r o u g h t h e s p a r k g a p s to p r e v e n t o x i d a t i o n 
a n d i n c r e a s e the s t a b i l i t y of t h e i r o p e r a t i o n . A s p a r k gap is s h o w n i n 
F i g u r e 1 1 . T h e e l e c t r o d e s w e r e c h r o m e s t e e l b a l l b e a r i n g s w e l d e d to 1/4 
i n c h s t e e l r o d s . T h e t r i g g e r e l e c t r o d e w a s m a d e of s t e e l , t h e e n d p l a t e s 
a n d e l e c t r o d e s u p p o r t s w e r e m y c a r t a , a n d the e n v e l o p e w a s P y r e x p i p e . 
T w o p o w e r s u p p l i e s w e r e u s e d to c h a r g e t h e c a p a c i t o r s . A 0 to 
+ 8 . 5 k v v o l t a g e d o u b l e r , s h o w n i n F i g u r e 1 2 , w a s u s e d to c h a r g e t h e two 
c a p a c i t o r b a n k s m e n t i o n e d a b o v e . T h e o t h e r s u p p l y , u s e d to c h a r g e t h e 
f l a s h l a m p , p r o d u c e d 0 to + 2 0 k v a n d w a s o b t a i n e d f r o m g o v e r n m e n t s u r p l u s . 
T h e f l a s h lamp a n d a s s o c i a t e d c i r c u i t r y w e r e s t o r e d i n a n a l u m i n u m 
b o x . T h e c i r c u i t is d e s c r i b e d i n F i g u r e 1 3 . T h e c a p a c i t o r w a s a C o r n e l l -
D u b i l i e r N R G T y p e 323 c a p a c i t o r , w i t h 1.6 m f at 25 k v . A s o l e n o i d o p e r a t e d 
c o p p e r s h o r t i n g b a r w a s p l a c e d a c o r s s this c a p a c i t o r . T h e d i s c h a r g e of 
t h i s c i r c u i t w a s c o n t r o l l e d b y a 4 C 3 5 h y d r o g e n t h y r a t r o n , t r i g g e r e d b y a 
p o s i t i v e v o l t a g e p u l s e a p p l i e d to its g r i d . T w o t y p e s of f l a s h l a m p s w e r e 
u s e d , b o t h of w h i c h p r o v i d e d L y m a n d i s c h a r g e s t h r o u g h a c a p i l l a r y s e c t i o n . 
61.5 mf | 
at 10 KV a X-fXSpTl 
25 K 
100 K 
X 2 4 1.5 mf 
'at 10 KV 
O I O Ground 
20 K 
10 IN I ^ - v 
A A A A A — ( V ) ^ 1 — — I 
^ ^ Trigger 
Ignition Coil 
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Copper shorting bar, Solenoid activated. 
Fig. 10. Capacitor Storage Bank 
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M y c a r t a E n d P l a t e 
A r g o n I n l e t 
R e t a i n i n g B o l t 
' l ' l»l ' IM ' l ' l ' l»h |I | 
T r i g g e r E l e c t r o d e 
LEEID 
A d j u s t a b l e M o u n t i n g 
f o r E l e c t r o d e 
P y r e x E n v e l o p e 
S c a l e - 1/2" = 1" 
F i g . 1 1 . S p a r k G a p . 
C h o k e 
R e l a y V a r i a c H.V. Trans.-
115 V A C 
H.V. S w i t c h 
(0 + 8.5 KV) 
F i g . 1 2 . Voltage D o u b l e r C i r c u i t (8.5 K V ) . 
(0-20 KV) 
+ V 7.5 M 
7.5 M 
10 M 
1.6 m f 
at 25 K V T 
6 K! 
T 
T r i g g e r 
C o p p e r s h o r t i n g b a r , S o l e n o i d a c t i v a t e d . 
F i g . 1 3 . F l a s h L a m p C i r c u i t . 
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O n e w a s v i e w e d f r o m t h e s i d e of the c a p i l l a r y s e c t i o n , a n d is s h o w n i n 
F i g u r e 14. T h e e n v e l o p e of the t u b e w a s m a d e of q u a r t z , w i t h a 2 m m I.D. 
c a p i l l a r y i n t h e c e n t e r . T h e e l e c t r o d e f i t t i n g s w e r e m a d e b y m o d i f y i n g 
b r a s s S w a g e l o k f i t t i n g s , a n d the e l e c t r o d e s w e r e 1/4 i n c h i n d i a m e t e r a n d 
c o n s i s t e d of t u n g s t e n w i t h two p e r c e n t t h o r i u m . T h e e l e c t r o d e s w e r e 
s i l v e r s o l d e r e d i n t o p l a c e i n the b r a s s f i t t i n g s . O n e of t h e e l e c t r o d e 
f i t t i n g s w a s c o n n e c t e d to a g l a s s t u b e l e a d i n g to a v a c u u m s y s t e m . T h i s 
f a c i l i t a t e d t h e e v a c u a t i o n a n d f i l l i n g of t h e t u b e w i t h A r g o n , w h i c h w a s 
u s e d at p r e s s u r e s b e t w e e n o n e a n d f i v e m m H g . A f t e r r e p e a t e d u s e , it w a s 
n e c e s s a r y to e v a c u a t e a n d r e f i l l the f l a s h t u b e , s i n c e t h e p r e s s u r e i n ­
c r e a s e d , o s t e n s i b l y d u e to gas b e i n g d r i v e n f r o m t h e c a p i l l a r y w a l l s . T h e 
s e c o n d f l a s h lamp a l l o w e d t h e c a p i l l a r y s e c t i o n to b e v i e w e d f r o m t h e e n d , 
a n d is s h o w n i n F i g u r e 1 5 . T h e e n v e l o p e w a s m a d e of P y r e x w i t h a c a p i l l a r y 
s e c t i o n of 2 m m I.D. q u a r t z s u p p o r t e d i n T e f l o n m o u n t s . T h e T e f l o n m o u n t s 
w e r e s e a l e d to t h e P y r e x t u b e b y o - r i n g s to p r e v e n t t h e d i s c h a r g e f r o m 
g o i n g a r o u n d t h e c a p i l l a r y s e c t i o n . T h e e l e c t r o d e f i t t i n g s w e r e t h e s a m e 
f i t t i n g s used w i t h the o t h e r l a m p s , a n d a t h i r d m o d i f i e d S w a g e l o k f i t t i n g 
h e l d a w i n d o w i n p l a c e , w h i c h a l l o w e d a n u n o b s t r u c t e d v i e w of the c a p i l l a r y . 
T h i s t u b e w a s f i l l e d i n t h e s a m e w a y as the s i d e v i e w f l a s h l a m p . I n 
b o t h l a m p s , t h e c a p i l l a r y s e c t i o n s w e r e e n l a r g e d to the p o i n t of b r e a k i n g 
a f t e r a b o u t 3000 f l a s h e s a n d h a d to b e r e p l a c e d . T h e e n d v i e w t u b e w a s 
m o r e e a s i l y r e n e w e d , s i n c e o n l y the c a p i l l a r y s e c t i o n r e q u i r e d r e p l a c e ­
m e n t . 
T h e p r i m a r y t r i g g e r c i r c u i t is s h o w n i n F i g u r e 1 6 . It w a s u s e d 
to t r i g g e r s p a r k g a p s b y d i s c h a r g i n g 10 m f at + 2 3 0 v i n t o t h e p r i m a r y 
w i n d i n g of a n a u t o m o b i l e i g n i t i o n c o i l . T h e s e c o n d a r y w i n d i n g w a s 
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c o n n e c t e d to the t r i g g e r e l e c t r o d e i n the s p a r k g a p . A c i r c u i t w a s p r o ­
v i d e d to fire the t r i g g e r p e r i o d i c a l l y at t i m e s v a r i a b l e f r o m 12 to 38 
s e c o n d s . 
M o s t of t h e e x p e r i m e n t s i n v o l v e d two e n e r g y p u l s e s , a n d r e q u i r e d 
a m e a n s to c o n t r o l t h e t i m e l a p s e b e t w e e n t h e m . T h e t i m e d e l a y c i r c u i t 
is s h o w n i n F i g u r e 1 7 . T h e i n p u t to t h e t i m e d e l a y w a s d e r i v e d f r o m a 
929 v a c u u m p h o t o t u b e s i t u a t e d to o b s e r v e t h e s p a r k gap i n v o l v e d i n t h e 
i n i t i a l d i s c h a r g e . T h e o u t p u t of t h e t i m e d e l a y i n v o l v e d t h e d i s c h a r g e 
of a c a p a c i t o r t h r o u g h a 4C35 h y d r o g e n t h y r a t r o n . T h e c a p a c i t o r c o u l d 
b e d i s c h a r g e d d i r e c t l y i n t o a n i g n i t i o n c o i l , or t h r o u g h a 10 o h m r e s i s t o r , 
w h e n it w a s d e s i r e d to t r i g g e r a f l a s h l a m p . T h e v o l t a g e a c r o s s the 
r e s i s t o r w a s u s e d to t r i g g e r the f l a s h lamp c i r c u i t . A f t e r t h e t i m e d e l a y 
w a s t r i g g e r e d , it w a s n e c e s s a r y to d e i o n i z e t h e t h y r a t r o n s i n t h e t i m e 
d e l a y c i r c u i t b e f o r e the c i r c u i t c o u l d b e u s e d a g a i n . T h e r e s e t c i r c u i t 
s h o w n i n F i g u r e 18 w a s u s e d to d e i o n i z e the t h y r a t r o n s a n d a l s o h a d 
i n c o r p o r a t e d i n t o it a p u l s e c o u n t e r . A p o s i t i v e v o l t a g e p u l s e w a s r e ­
q u i r e d to t r i g g e r t h e r e s e t c i r c u i t , a n d w a s u s u a l l y s u p p l i e d b y t h e t i m e 
d e l a y o u t p u t . 
T h e q u a r t e r w a v e p l a t e u s e d i n the N e s o u r c e e x p e r i m e n t w a s d e s i g n e d 
to b e u s e d w i t h t h e H g l i n e at 5460 X, b u t it w o r k e d r e a s o n a b l y w e l l at 
5 8 5 2 X a n d 6266 A. T h e q u a r t e r w a v e p l a t e s u s e d w i t h t h e f l a s h lamp 
i n c l u d e d o n e d e s i g n e d for t h e N a l i n e s at 5890 X a n d s o m e p l a t e s p r e p a r e d 
i n t h i s l a b o r a t o r y b y p e e l i n g m i c a to t h e p r o p e r t h i c k n e s s . 
S o m e p r e l i m i n a r y e x p e r i m e n t s w e r e d o n e w i t h a D . C . l i g h t s o u r c e , 
p r o v i d e d b y a h i g h p r e s s u r e X e a r c . T h e lamp w a s a P . E . K . L a b s . , I n c . 
T y p e X - 7 5 . T h e lamp w a s p o w e r e d b y a P . E . K . L a b s . , I n c . M o d e l 4 0 1 p o w e r 
s u p p l y . 
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F i g . 1 8 . C o u n t e r a n d T i m e D e l a y R e s e t C i r c u i t . 
O 
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T h e N e d i s c h a r g e w a s p r o d u c e d w i t h a n 11 m H z o s c i l l a t o r , c a p a b l e 
of d e l i v e r i n g up to 300 w a t t s of p o w e r . T h e N e d i s c h a r g e t u b e s w e r e m a d e 
of P y r e x t u b i n g 3 to 7 m m I.D., a n d w e r e v i e w e d t h r o u g h o n e e n d . T h e 
t u b e s v a r i e d i n l e n g t h , b u t w e r e u s u a l l y a r o u n d 5 c m l o n g . T h e g e o m e t r y 
of t h e t u b e s w a s n o t c r i t i c a l for the p r o d u c t i o n of a s a t i s f a c t o r y d i s ­
c h a r g e , a n d w a s l i m i t e d o n l y b y t h e s i z e of t h e m a g n e t w h i c h c o n t a i n e d 
i t . T o c o n s t r u c t a s a t i s f a c t o r y d i s c h a r g e t u b e , it w a s n e c e s s a r y to f l a m e 
t h e t u b e r e p e a t e d l y w h i l e u n d e r v a c u u m to c o m p l e t e l y o u t g a s i t . A s m a l l 
p i e c e of c o p p e r w i r e w a s p l a c e d i n t o s o m e of t h e t u b e s to a c t as a 
c o l l e c t o r , a n d this s e e m e d to i m p r o v e t h e q u a l i t y of t h e d i s c h a r g e . T h e 
t u b e s w e r e f i l l e d w i t h M a t h e s o n R e s e a r c h G r a d e N e , 9 9 . 9 9 5 p e r c e n t b y 
v o l u m e , a n d t h e p r e s s u r e w a s a d j u s t e d to m a x i m i z e t h e d i s c h a r g e i n t e n s i t y 
as o b s e r v e d w i t h t h e e y e . T h e e l e c t r i c a l c o n n e c t i o n s to the t u b e s w e r e 
m a d e b y s o l d e r i n g t h e o s c i l l a t o r l e a d s to 1/2 i n c h w i d e b r a s s b a n d s w r a p p e d 
a r o u n d t h e t u b e s , w h i c h w e r e m a d e of b r a s s s h i m s t o c k a b o u t .003 i n c h 
t h i c k . T h e l i f e t i m e of t h e N e d i s c h a r g e t u b e s v a r i e d c o n s i d e r a b l y , a n d 
w a s as long as 30 h o u r s i n s o m e c a s e s a n d as s h o r t as 10 m i n u t e s i n o t h e r s . 
N e S o u r c e 
I n t h e f i r s t s t u d i e s d o n e o n I C £ , a n a t t e m p t w a s m a d e to p r o d u c e 
e x p e r i m e n t a l l y t h e t h e o r e t i c a l l y i d e a l n e a r l y m o n o c h r o m a t i c l i g h t s o u r c e 
of v a r i a b l e f r e q u e n c y . T h e n e a r l y m o n o c h r o m a t i c l i g h t s o u r c e w a s p r o v i d e d 
b y a n a t o m i c e m i s s i o n l i n e , a n d the f r e q u e n c y v a r i a t i o n s w e r e p r o d u c e d b y 
t h e Z e e m a n e f f e c t . W h e n a n a t o m i c e m i s s i o n l i n e e x h i b i t i n g a n o r m a l 
Z e e m a n t r i p l e t i n the p r e s e n c e of a m a g n e t i c f i e l d is v i e w e d a l o n g t h e 
f i e l d a x i s , o n l y two Z e e m a n c o m p o n e n t s a r e v i s i b l e . T h e s e c o r r e s p o n d to 
A M = ±1 t r a n s i t i o n s , a n d h e n c e t h e y a r e c i r c u l a r l y p o l a r i z e d . B y p a s s i n g 
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the l i g h t t h r o u g h a q u a r t e r w a v e p l a t e f o l l o w e d b y a p l a n e p o l a r i z e r , it 
is p o s s i b l e to s e l e c t i v e l y p a s s j u s t o n e of t h e Z e e m a n c o m p o n e n t s , a n d 
e i t h e r t h a t c o m p o n e n t d i s p l a c e d to h i g h f r e q u e n c i e s or t h a t d i s p l a c e d to 
l o w f r e q u e n c i e s m a y b e c h o s e n . T h e f r e q u e n c y s h i f t is c o n t r o l l e d b y t h e 
i n t e n s i t y of t h e m a g n e t i c f i e l d i n d u c i n g the Z e e m a n s p l i t t i n g . T h e 
f r e q u e n c y of a l a s e r t r a n s i t i o n i n a g a s l a s e r w a s v a r i e d b y this m e t h o d 
i n t h e i n f r a r e d r e g i o n of the s p e c t r u m . T h i s v a r i a b l e f r e q u e n c y l a s e r 
w a s u s e d to s t u d y t h e fine s t r u c t u r e i n s o m e v i b r a t i o n a l t r a n s i t i o n s w h i c h 
o c c u r r e d n e a r t h e l a s i n g l i n e ( 4 6 ) . 
T o s t u d y the I C £ s y s t e m t h e N e e m i s s i o n s p e c t r u m w a s c h o s e n . T h e 
l i n e s a r e i n t e n s e a n d e a s i l y s e p a r a t e d b y a l o w r e s o l u t i o n s p e c t r o g r a p h 
o r m o n o c h r o m a t o r . T h e N e e m i s s i o n s p e c t r u m o c c u r s i n the s a m e r e g i o n as 
t h e ICl J 7r-^ +• E t r a n s i t i o n , a n d t w o i n t e n s e N e l i n e s e x h i b i t i n g n o r m a l 
Z e e m a n t r i p l e t s o c c u r i n t h e i m m e d i a t e v i c i n i t y of s o m e m a g n e t i c r o t a t i o n 
f e a t u r e s of t h e IC£ m o l e c u l e ( 4 7 ) . T h e s e two N e l i n e s a p p e a r at 5852 R 
a n d 6 2 6 6 A*. I n T a b l e 2 a r e l i s t e d t h e N e l i n e s a n d a d j a c e n t IC£ f e a t u r e s . 
T h e IC£ f e a t u r e s a n d a s s i g n m e n t s a r e f r o m t h e a b s o r p t i o n d a t a o f H u l t h e n , 
et a l . , a n d o n l y t h o s e f e a t u r e s w h i c h a l s o o c c u r in the M R S of IC£ a r e 
t a b u l a t e d ( 4 8 - 5 0 ) . T h e d e t a i l s of the two t r a n s i t i o n s a r e s h o w n i n 
F i g u r e 1 9 , w i t h t h e n o t a t i o n g i v e n b y M o o r e ( 5 1 ) . B o t h of t h e s e N e l i n e s 
e x h i b i t t h e n o r m a l Z e e m a n e f f e c t , so t h a t t h e A M = + 1 (right c i r c u l a r l y 
p o l a r i z e d ) e m i s s i o n t r a n s i t i o n o c c u r s a t t h e l o w e s t f r e q u e n c y ( 5 2 ) . T h e s e 
N e t r a n s i t i o n s , as t h e y a p p e a r w h e n v i e w e d a l o n g t h e a x i s of t h e m a g n e t i c 
f i e l d , a r e s h o w n i n F i g u r e 2 0 . 
T h e l i n e w i d t h i n the N e e m i s s i o n s p e c t r u m is d e t e r m i n e d b y t h e 
t e m p e r a t u r e , p r e s s u r e , a n d m a g n e t i c a n d e l e c t r i c f i e l d e f f e c t s ( 5 3 ) . L a n g 
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T a b l e 2. N e o n E m i s s i o n L i n e s a n d N e a r b y ICS, F e a t u r e s 
L i n e P o s i t i o n A s s i g n m e n t 
15,953.481 c n f 1 N e o n 
15,952.881 ICl, V " 0 -> v' - 14, R t y p e , J' = 57 
15,951.867 ici, V " = 0 -• V = 14, P t y p e , J' = 52 
15,951.524 ICl, V " = 0 -• V = 15, P t y p e , J' = 73 
17,082.027 N e o n 
17,082.141 ICl, V " AS 0 -• V = 29, R t y p e , J' = 45 
17,082.613 ICl, V " = 0 -• V = 28, P t y p e , J' = 38 
17,082.838 ICl, V " = 0 -• V = 28, R t y p e , J' = 41 
F r o m R e f e r e n c e s (46) a n d (47) . 
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Z e e m a n e f f e c t is n o t d r a w n to s c a l e . 
F i g . 1 9 . N e o n L i n e s U s e d i n Z e e m a n S o u r c e E x p e r i m e n t . 
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Fig. 20. Ne Lines Viewed Along a Longitudinal Field (H). 
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i n v e s t i g a t e d the l i n e w i d t h of a N e e m i s s i o n s p e c t r u m e x c i t e d b y a 22 m H z 
o s c i l l a t o r ( 5 4 ) . T h e S t a r k e f f e c t a n d D o p p l e r b r o a d e n i n g w e r e n e g l i g i b l e ; 
t h e p r i n c i p a l f a c t o r a f f e c t i n g t h e l i n e w i d t h w a s the p r e s s u r e of the N e 
i t s e l f . E v e n at p r e s s u r e s as l o w as 0.1 m m H g , t h e h a l f w i d t h of the 
5 8 5 2 °v l i n e w a s .115 c m T h e h a l f w i d t h of s e v e r a l N e l i n e s w a s r e c o r d e d 
a n d a l t h o u g h t h e l i n e at 6 2 6 6 °v w a s n o t a m o n g t h e m , it s e e m s s a f e to a s s u m e 
t h a t its h a l f w i d t h m u s t b e o n the o r d e r of .100 c m T h u s the N e e m i s s i o n 
p r o v i d e d two s o u r c e l i n e s , w i t h h a l f w i d t h s of a b o u t .100 cm ^ a n d f r e ­
q u e n c i e s v a r i a b l e up to 2,0 c m ^ w i t h the m a g n e t i c f i e l d s a v a i l a b l e . 
T h e m a g n e t i c f i e l d s u s e d to p r o d u c e the Z e e m a n e f f e c t i n N e a n d 
to i n d u c e m a g n e t i c e f f e c t s i n ICZ w e r e p r o v i d e d b y p u l s e d f i e l d s . S o l e n o i d 
I c o n t a i n e d t h e ICl s a m p l e A , a n d the N e d i s c h a r g e w a s p l a c e d w i t h i n 
s o l e n o i d I I . T h e f i e l d p r o d u c e d b y s o l e n o i d I o s c i l l a t e d v e r y s l o w l y 
c o m p a r e d to s o l e n o i d I I , so t h a t b y d e l a y i n g the d i s c h a r g e of II b y 840 
m i c r o s e c o n d s r e l a t i v e to t h a t of I, the f i e l d p r o d u c e d b y I r e m a i n e d a l m o s t 
c o n s t a n t w h i l e the f i e l d f r o m II v a r i e d f r o m zero to its m a x i m u m v a l u e . 
T h e f i e l d p r o d u c e d b y s o l e n o i d I is p l o t t e d as a f u n c t i o n of t i m e i n 
F i g u r e 2 1 , a n d the t i m e i n t e r v a l d u r i n g w h i c h s o l e n o i d II w a s p u l s e d is 
m a r k e d . T h e m a g n e t i c f i e l d s w e r e m o n i t o r e d b y o b s e r v i n g the v o l t a g e i n ­
d u c e d i n a s m a l l c o i l of w i r e p l a c e d n e a r the s o l e n o i d s . 
T h e c u r r e n t as a f u n c t i o n of t i m e i n a s i m p l e R - L - C c i r c u i t is 
g i v e n b y 
ill) = A V (41) 
S o l e n o i d N o . 2 
T i m e (msec) 
* F i e l d g e n e r a t e d i n S o l e n o i d N o . 1 w h e n c a p a c i t o r w a s c h a r g e d to 5 K V . 
F i g . 2 1 . F i e l d G e n e r a t e d i n a P u l s e d S o l e n o i d . 
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A is a c o n s t a n t d e p e n d e n t o n t h e c i r c u i t p a r a m e t e r s a n d V is the i n i t i a l 
v o l t a g e o n the c a p a c i t o r . If t h e c a p a c i t a n c e of the c i r c u i t is a s s u m e d 
to b e i n the c a p a c i t o r b a n k , o n l y two p a r a m e t e r s r e m a i n to b e c o m p u t e d , 
a n d t h e s e c a n b e d e t e r m i n e d f r o m the r a t e of e x p o n e n t i a l d e c a y a n d p e r i o d 
of o s c i l l a t i o n of t h e c i r c u i t . O n c e the c u r r e n t as a f u n c t i o n of t i m e is 
d e t e r m i n e d , t h e m a g n e t i c f i e l d i n t e n s i t y i n g a u s s i n t h e c e n t e r o f a lo n g 
s o l e n o i d is g i v e n b y 
H = 4TT x 10" 3 x
 n x i ( t ) (42) 
H e r e n is t h e n u m b e r of t u r n s p e r m e t e r i n the s o l e n o i d a n d i(t) is t h e 
c u r r e n t i n a m p e r e s . S i n c e t h e Z e e m a n s h i f t , Av, is a s s u m e d to b e a fi r s t 
o r d e r f u n c t i o n i n H , it t o o c a n b e g i v e n as a t i m e d e p e n d e n t f u n c t i o n for 
a n y p a r t i c u l a r Z e e m a n c o m p o n e n t . T h e c u r r e n t , m a g n e t i c f i e l d i n t e n s i t y , 
a n d Z e e m a n s h i f t c a n a l l b e r e p r e s e n t e d b y the s a m e t i m e d e p e n d e n t c u r v e , 
if a p p r o p r i a t e c h a n g e s a r e m a d e i n t h e s c a l e of the o r d i n a t e . T h i s is 
s h o w n f or s o l e n o i d II i n F i g u r e 22. I n this F i g u r e , it is a s s u m e d t h a t 
the Z e e m a n s h i f t is g i v e n b y 
Av = g g H (43) 
w h i c h is the c a s e for t h e n o r m a l Z e e m a n t r i p l e t s i n q u e s t i o n . 3 is t h e 
B o h r m a g n e t o n a n d g is the L a n d e g f a c t o r . 
A b l o c k d i a g r a m of the a p p a r a t u s u s e d i n this e x p e r i m e n t is s h o w n 
i n F i g u r e 23. T h e B a u s c h a n d L o m b M o d e l 11 s p e c t r o g r a p h w a s a d e q u a t e to 
i s o l a t e the N e lines at 5852 R a n d 6266 R, e v e n w h e n t h e e n t r a n c e a n d 
e x i t s l i t s w e r e a b o u t 2 m m w i d e . T h e d e t e c t i o n w a s d o n e p h o t o e l e c t r i c a l l y , 
u s i n g the p h o t o m u l t i p l i e r , p r e a m p l i f i e r , a n d o s c i l l o s c o p e d e s c r i b e d p r e ­
v i o u s l y . S o l e n o i d s I a n d II w e r e u s e d for t h e IC£ s a m p l e a n d N e d i s c h a r g e , 
100 200 300 400 500 
T i m e (usee) 
C u r r e n t a n d f i e l d are c a l c u l a t e d for a d i s c h a r g e of 1KV i n t o S o l e n o i d N o . 2. 
F i g . 2 2 . C u r r e n t , F i e l d a n d Z e e m a n E f f e c t i n P u l s e d M a g n e t . 
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(Spectrograph] 
P h o t o ­
multiplier! 
L e n s 
B 
P o l a r i z e r 
S a m p l e C e l l 
S o l e n o i 
P o l a r i z e r ! 
L e n s 
N e o n 
D i s c h a r g e 
T u b e 
A m p l i f i e r 
C a p a c i t o r 
S t o r a g e 
(2 b a n k s ) 
11 M c p s 
O s c i l l a t o r 
T o 
O s c i l l o s c o p e 
T r i g g e r 
8KV 
P o w e r 
S u p p l y 
T i m e 
D e l a y 
a n d 
T r i g g e r 
S o l e n o i d 
F i g . 2 3 . N e o n S o u r c e E x p e r i m e n t . 
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r e s p e c t i v e l y , a n d b o t h t h e d i s c h a r g e a n d s a m p l e w e r e l o c a t e d to a v o i d t h e 
f i e l d g r a d i e n t s w h i c h o c c u r at t h e e n d s o f a s o l e n o i d . T h e f i e l d s w e r e 
u n i f o r m to w i t h i n five p e r cent t h r o u g h o u t t h e d i s c h a r g e a n d s a m p l e 
v o l u m e s . T h e t r i g g e r , p o w e r s u p p l y , t i m e d e l a y , c a p a c i t o r s t o r a g e b a n k , 
a n d 11 m H z o s c i l l a t o r w e r e d e s c r i b e d i n t h e p r e v i o u s s e c t i o n . A l e n s 
w a s u s e d n e a r t h e s o u r c e to c o l l i m a t e t h e l i g h t a n d a n o t h e r to f o c u s t h e 
l i g h t o n t o t h e s l i t of the s p e c t r o g r a p h . 
T o d o a m a g n e t i c r o t a t i o n e x p e r i m e n t , a q u a r t e r w a v e p l a t e f o l l o w e d 
b y a p l a n e p o l a r i z e r w a s p l a c e d at p o s i t i o n A , a n d a n a n a l y z e r at p o s i t i o n 
B . T h e a n g u l a r d e p e n d e n c e of t h e m a g n e t i c r o t a t i o n c o u l d b e d e t e r m i n e d b y 
c h a n g i n g t h e o r i e n t a t i o n of t h e a n a l y z e r r e l a t i v e to the p o l a r i z e r . T h e 
a b s o r p t i o n of c i r c u l a r l y p o l a r i z e d r a d i a t i o n w a s o b t a i n e d w h e n t h e a n a l y z e r 
w a s r e m o v e d , a n d its p l a c e t a k e n b y a q u a r t e r w a v e p l a t e f o l l o w e d b y a 
p l a n e p o l a r i z e r . 
T o p e r f o r m a n e x p e r i m e n t i n v o l v i n g two p u l s e d f i e l d s , the t r i g g e r 
w a s u s e d to i n i t i a t e the d i s c h a r g e i n s o l e n o i d I. T h e t i m e d e l a y , m o n i t o r i n g 
t h e l i g h t f r o m t h e s p a r k gap i n s e r i e s w i t h s o l e n o i d I, d i s c h a r g e d t h e 
s e c o n d c a p a c i t o r b a n k t h r o u g h s o l e n o i d I I , a p p r o x i m a t e l y 840 m i c r o s e c o n d s 
a f t e r t h e f i r s t p u l s e w a s i n i t i a t e d . T h e o s c i l l o s c o p e w a s t r i g g e r e d b y 
t h e f i r s t p u l s e , b u t it w a s o p e r a t e d i n a d e l a y e d s w e e p m o d e , a n d o n l y 
t h e f i r s t h a l f p e r i o d of t h e f i e l d p r o d u c e d b y s o l e n o i d II w a s o b s e r v e d . 
D u e to the s e n s i t i v i t y of t h e d e t e c t i o n s y s t e m to e x t r a n e o u s r a d i a t i o n , 
it w a s n e c e s s a r y to s e p a r a t e t h e d e t e c t i o n c i r c u i t f r o m t h e p u l s e d f i e l d s 
as m u c h as p o s s i b l e , a n d to s h i e l d t h e 11 m H z o s c i l l a t o r . C o n n e c t i o n s 
w e r e m a d e w i t h c o a x i a l l e a d s , a n d w h e r e v e r p o s s i b l e c i r c u i t e l e m e n t s w e r e 
s h i e l d e d b y g r o u n d e d s t e e l b o x e s . T h e n e c e s s a r y s h i e l d i n g a n d t h e l o c a t i o n 
of v a r i o u s d e t e c t o r e l e m e n t s w a s d e t e r m i n e d o n a t r i a l - a n d - e r r o r b a s i s , 
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and that arrangement which appeared to minimize the observation of 
extraneous signals was used. 
Flash Source 
A flash lamp and pulsed magnetic field were used in conjunction 
with the high resolution Jarrell-Ash spectrograph in an attempt to deter­
mine directly the Zeeman splitting of single lines in ICZ. A block 
diagram of the apparatus is shown in Figure 24. The spectrograph was 
used with a 25 micron entrance slit which gave resolution on the order 
of .013 X or .04 cm ^ in the region studied, and most of the data were 
recorded on Kodak Type 2475 high speed recording film. 
ICZ sample B was used in conjunction with solenoid I, and sample C 
with solenoid III. The latter sample solenoid pair was prepared in an 
attempt to use fields up to 25,000 gauss to study magnetic effects in ICZ. 
However, it became apparent upon using it that sample C exhibited very 
broad absorption lines, and hence was unsuitable for use in these experi­
ments. The solenoids were powered by the appropriate capacitor banks in 
the capacitor storage unit described previously. The 8.5 kv power supply 
was used to charge the solenoid capacitors, and the 20 kv supply charged 
the flash lamp circuit. Since most of the experiments involved many 
pulses, the trigger used to initiate the solenoid discharge was operated 
in its automatic mode. The time delay was used to trigger the flash lamp 
when the solenoid reached its first maximum in field intensity. The 
flash lamp discharged in about 20 microseconds, so that the magnetic 
field was essentially constant while the lamp was discharging. 
The spectrograph was located about 15 feet from the sample. Since 
the flash lamp did not provide a point source of radiation it was im-
S p e c t r o g r a p h 
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L e n s 
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S o l e n o i d 
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L e n s 
F l a s h 
L a m p 
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(one b a n k ) 
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P o w e r 
S u p p l y 
T r i g g e r 
8 K V 
P o w e r 
S u p p l y 
T i m e D e l a y 
a n d 
T r i g g e r 
F i g . 24. F l a s h S o u r c e E x p e r i m e n t . 
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p o s s i b l e to c o l l i m a t e t h e l i g h t b e a m , a n d a s e r i e s of l e n s e s w e r e u s e d 
b e t w e e n t h e s a m p l e a n d the s p e c t r o g r a p h to k e e p t h e b e a m f r o m d i v e r g i n g . 
T h e lens c l o s e s t to t h e s p e c t r o g r a p h w a s a d j u s t e d to p r o d u c e a n i m a g e of 
the s o u r c e o n t h e s l i t . I n s o m e e x p e r i m e n t s a c y l i n d e r lens w a s u s e d to 
c o n c e n t r a t e the i m a g e i n the f o c a l p l a n e of the s p e c t r o g r a p h . 
M a g n e t i c r o t a t i o n c o u l d b e s t u d i e d b y p l a c i n g c r o s s e d p l a n e p o l a r i z e r s 
at A a n d B . T o p h o t o g r a p h t h e a b s o r p t i o n of c i r c u l a r l y p o l a r i z e d l i g h t a 
p l a n e p o l a r i z e r f o l l o w e d b y a q u a r t e r w a v e p l a t e w a s l o c a t e d at A . T h e 
3TT^ t r a n s i t i o n i n IC£ a p p e a r e d i n t w o o r d e r s n e a r t h e a n g l e for 
w h i c h t h e g r a t i n g w a s b l a z e d . T h e r e d r e g i o n ( n i n t h order) w a s i s o l a t e d 
w i t h a h i g h f r e q u e n c y c u t - o f f f i l t e r , C o r n i n g N o . 2 4 1 2 . T h e y e l l o w ( t e n t h 
order) w a s i s o l a t e d b y u s i n g a C o r n i n g N o . 3482 i n s e r i e s w i t h a C o r n i n g 
N o . 4 3 0 8 or a K o d a k W r a t t e n f i l t e r N o . 56 or 6 6 . 
R e s u l t s — N e S o u r c e 
I n t e r a c t i o n s b e t w e e n t h e m a g n e t i c f i e l d i n d u c i n g the Z e e m a n e f f e c t 
a n d the N e d i s c h a r g e l i m i t e d t h e u s e f u l n e s s of this d e v i c e as a r a d i a t i o n 
s o u r c e . T h e o s c i l l a t i n g n a t u r e of t h e m a g n e t i c f i e l d c a u s e d t h e i n t e n s i t y 
of t h e N e e m i s s i o n to f l u c t u a t e . T h e s e f l u c t u a t i o n s w e r e n o t r e p r o d u c i b l e , 
w h i c h m a d e it i m p o s s i b l e to m a k e a c a l i b r a t i o n of the l i g h t i n t e n s i t y 
t a k i n g t h e m i n t o a c c o u n t . 
T h e m a g n e t i c r o t a t i o n s i g n a l o b t a i n e d u s i n g t h e N e s o u r c e w a s of 
s u c h low i n t e n s i t y t h a t the low s i g n a l to n o i s e r a t i o b e c a m e q u i t e 
s i g n i f i c a n t . T h e s i g n a l i n t e n s i t y w a s so low t h a t it a p p e a r e d to c h a n g e 
d u r i n g r e p e t i t i o n s of t h e s a m e e x p e r i m e n t , d u e to f l u c t u a t i o n s i n the 
b a c k g r o u n d n o i s e f r o m t h e p h o t o m u l t i p l i e r a n d o t h e r d e t e c t i o n c i r c u i t r y . 
B e c a u s e of t h i s low s i g n a l l e v e l , u n c r o s s i n g the p o l a r i z e r s e v e n s l i g h t l y 
65 
a l m o s t c o m p l e t e l y o b l i t e r a t e d the m a g n e t i c r o t a t i o n s i g n a l , a n d this m a d e 
it i m p o s s i b l e to d e t e r m i n e a n y a n g u l a r d e p e n d e n c e . 
I n T a b l e 3 t h e ICl f e a t u r e s o b s e r v e d u s i n g t h e N e s o u r c e a r e 
l i s t e d , a n d c o m p a r e d to t h o s e o b t a i n e d p h o t o g r a p h i c a l l y i n M R S b y E b e r h a r d t 
a n d i n a b o s r p t i o n b y H u l t h e n , et a l . ( 4 8 - 5 0 ) . T h e ICl f e a t u r e s n e a r t h e 
5 8 5 2 £ N e l i n e fell w i t h i n one c m ^ of t h e N e l i n e . T h e n e a r n e s s of 
t h e s e f e a t u r e s to the N e l i n e , c o m p a r e d to two c m ^ at the 6 2 6 6 £ N e l i n e , 
a l l o w e d a m o r e e x p a n d e d t i m e s c a l e to b e u s e d w i t h t h e 5 8 5 2 £ s y s t e m , 
w h i c h y i e l d e d s l i g h t l y b e t t e r r e s o l u t i o n . 
T h e m a g n e t i c r o t a t i o n a n d a b s o r p t i o n d a t a o b s e r v e d for ICl n e a r 
b o t h N e l i n e s a r e s h o w n i n F i g u r e 2 5 . T h e f l u c t u a t i o n s i n t h e N e l i g h t 
i n t e n s i t y c a u s e d b y t h e m a g n e t i c f i e l d a r e e s p e c i a l l y n o t i c e a b l e i n the 
a b s o r p t i o n n e a r 6266 X. T h e b a c k g r o u n d v a r i a t i o n s h a v e m a d e it a l m o s t 
i m p o s s i b l e to l o c a t e t h e ICl f e a t u r e s . A b s o r p t i o n of c i r c u l a r l y p o l a r i z e d 
l i g h t b y ICl i n a m a g n e t i c f i e l d of 8000 g a u s s i n s h o w n i n F i g u r e 2 6 . 
R e s u l t s — F l a s h S o u r c e 
A s i d e - v i e w t y p e of f l a s h lamp w a s f i r s t u s e d w i t h t h e B a u s c h a n d 
L o m b M o d e l 11 s p e c t r o g r a p h to t e s t t h e f e a s i b i l i t y of t h e s e e x p e r i m e n t s . 
U s i n g a 60 m i c r o n e n t r a n c e s l i t , a b s o r p t i o n w a s p h o t o g r a p h i c a l l y r e c o r d e d 
w i t h 10 f l a s h e s or less a n d M R S i n 200 f l a s h e s . H o w e v e r , t h i s s p e c t r o ­
g r a p h d i d n o t p r o v i d e the r e s o l u t i o n n e c e s s a r y for the o b s e r v a t i o n of t h e 
Z e e m a n e f f e c t i n ICl. 
T h e J a r r e l l - A s h E b e r t s p e c t r o g r a p h w a s u s e d to o b t a i n the n e c e s s a r y 
r e s o l u t i o n . W i t h the e n t r a n c e s l i t at 25 m i c r o n s , it r e q u i r e d at l e a s t 
1000 f l a s h e s d i s s i p a t i n g 80 j o u l e s a p i e c e to p r o d u c e a p h o t o g r a p h i c r e c o r d 
of a b s o r p t i o n , w h e n o n l y t h e s a m p l e a n d l e n s e s w e r e i n t h e o p t i c a l p a t h . 
66 
T a b l e 3. C o m p a r i s o n of P h o t o g r a p h i c a n d P u l s e d D a t a o n IC£ 
T y p e
 c 
of P h o t o g r a p h i c N e S o u r c e 
D a t a E x p e r i m e n t E x p e r i m e n t A s s i g n m e n t 
M R S 1 7 , 0 8 2 . 1 9 0 1 7 , 0 8 2 . 1 8 + .05 29 R 45 
M R S 1 7 , 0 8 2 . 6 2 6 1 7 , 0 8 2 . 5 8 + .10 28 P 38 
M R S 1 7 , 0 8 2 . 8 4 3 1 7 , 0 8 2 . 8 8 + .10 28 R 41 
A B S 1 7 , 0 8 2 . 1 4 1 1 7 , 0 8 2 . 1 9 + .05 29 R 45 
A B S 1 7 , 0 8 2 . 6 1 3 1 7 , 0 8 2 . 6 7 + .10 28 P 38 
A B S 1 7 , 0 8 2 . 8 3 8 1 7 , 0 8 2 . 9 3 + .10 28 R 41 
M R S 1 5 , 9 5 2 . 0 6 4 b 1 5 , 9 5 2 . 0 8 + .15 b ? 
M R S 1 5 , 9 5 1 . 7 9 8 b 1 5 , 9 5 1 . 7 6 + .15 b 14 P 52 
M R S 1 5 , 9 5 1 . 4 7 3 b 1 5 , 9 5 1 . 5 8 + .15 b 15 P 73 
A B S 1 5 , 9 5 2 . 8 8 1 1 5 , 9 5 2 . 8 1 + .10 14 R 57 
A B S 1 5 , 9 5 1 . 8 6 7 1 5 , 9 5 1 . 8 3 + .15 14 P 52 
A B S 1 5 , 9 5 1 . 5 2 4 1 5 , 9 5 1 . 6 2 + .15 15 P 73 
A l l t r a n s i t i o n s a r e f r o m V " = 0. T h e f i r s t t e r m is V ' , t h e s e c o n d 
i n d i c a t e s t h e t y p e of t r a n s i t i o n , a n d the t h i r d is J ' . 
b 
N o t r e s o l v e d . 
M a g n e t i c R o t a t i o n D a t a f r o m R e f e r e n c e ( 4 8 ) , A b s o r p t i o n f r o m (46) a n d 
( 4 7 ) . 
F i g . 2 5 . A b s o r p t i o n a n d M a g n e t i c R o t a t i o n f r o m N e S o u r c e E x p e r i m e n t . 
5 8 5 2 8 
F i g . 2 6 . A b s o r p t i o n of C i r c u l a r l y P o l a r i z e d L i g h t b y ICi i n a P u l s e d 
F i e l d of 8000 G a u s s , N e o n S w e p t S o u r c e . 
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T h e m a g n e t i c r o t a t i o n p h e n o m e n o n is at l e a s t two to t h r e e o r d e r s of 
m a g n i t u d e less i n t e n s e t h a n a b s o r p t i o n , so that the u s e of t h i s t y p e of 
f l a s h lamp to s t u d y M R S w a s n o t f e a s i b l e . 
T h e e n d v i e w t y p e of f l a s h t u b e w a s d e v e l o p e d , b u t e v e n w i t h this 
t y p e of l a m p , 4 0 0 - 5 0 0 f l a s h e s w e r e r e q u i r e d to p r o d u c e a s i m p l e a b s o r p t i o n 
p i c t u r e o n a p h o t o g r a p h i c p l a t e o r f i l m . U s i n g the e n d v i e w t u b e , t h e ICl 
a b s o r p t i o n i n a f i e l d of 8000 g a u s s w a s m e a s u r e d for the V " = 1 -> V' = 1 2 , 1 3 
a n d V " = 0 -> V 1 = 10 b a n d s i n t h e - ) T T ^ *~ £ t r a n s i t i o n . A l t h o u g h no q u a n ­
t i t a t i v e m e a s u r e m e n t s w e r e p o s s i b l e , a s l i g h t b r o a d e n i n g of t h e f e a t u r e s 
n e a r e s t the h e a d of e a c h b a n d w a s o b s e r v e d . A p l a n e p o l a r i z e r a n d q u a r t e r 
w a v e p l a t e w e r e a d d e d to t h e o p t i c a l s y s t e m a n d a n a t t e m p t w a s m a d e to 
m e a s u r e t h e a b s o r p t i o n of p o l a r i z e d l i g h t for t h e V " = 1 -> V' = 13 b a n d , 
w h e n the s a m p l e w a s i n a f i e l d of 8000 g a u s s . A t l e a s t 3000 f l a s h e s w e r e 
r e q u i r e d to m a k e a n a d e q u a t e p h o t o g r a p h i c r e c o r d of t h e a b s o r p t i o n . N o 
d i f f e r e n c e b e t w e e n t h e a b s o r p t i o n of r i g h t a n d left c i r c u l a r l i g h t w a s 
i m m e d i a t e l y a p p a r e n t , a n d o n l y w h e n t r a c e s w e r e m a d e o n a L e e d s a n d N o r t h r u p 
r e c o r d i n g d e n s i t o m e t e r d i d any d i f f e r e n c e a p p e a r . T h e a b s o r p t i o n of l e f t 
c i r c u l a r l i g h t at the b a n d h e a d e x t e n d e d s l i g h t l y f a r t h e r t o w a r d h i g h 
f r e q u e n c i e s t h a n d i d the a b s o r p t i o n of r i g h t c i r c u l a r l i g h t . N o q u a n t i ­
t a t i v e m e a s u r e m e n t w a s m a d e o n this d a t a , a n d d u e to the low i n t e n s i t y of 
t h e a b s o r p t i o n p h e n o m e n a , n o a t t e m p t w a s m a d e to v i e w t h e M R S w i t h a f l a s h 
lamp a n d the h i g h r e s o l u t i o n s p e c t r o g r a p h . 
C o n c l u s i o n s — N e a n d F l a s h S o u r c e s 
T h e e x p e r i m e n t a l d i f f i c u l t i e s a s s o c i a t e d w i t h t h e u s e of t h e N e 
s o u r c e e l i m i n a t e d the p o s s i b i l i t y of o b t a i n i n g a n y r e a l l y u s e f u l d a t a o n 
t h e ICl s y s t e m . T h e m a g n e t i c r o t a t i o n e x p e r i m e n t s d i d n o m o r e t h a n c o n f i r m 
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t h e e x i s t e n c e of t h e p h e n o m e n a i n t h e r e g i o n of t h e s p e c t r u m o b s e r v e d . 
A b s o r p t i o n d a t a w a s o b t a i n e d , b u t b e t t e r d a t a is e a s i l y o b t a i n e d p h o t o ­
g r a p h i c a l l y w i t h a h i g h r e s o l u t i o n s p e c t r o g r a p h . A b s o r p t i o n of c i r c u l a r 
l i g h t b y t h e IC£ s a m p l e i n a m a g n e t i c f i e l d d i d i n d i c a t e t h a t a d i f f e r e n c e 
e x i s t e d i n t h e a b s o r p t i o n of r i g h t a n d left c i r c u l a r l y p o l a r i z e d l i g h t . 
F r o m t h e d a t a c o l l e c t e d n e a r 5 8 5 2 X, it a p p e a r e d t h a t t h e P t r a n s i t i o n 
a b s o r b e d m o r e r i g h t t h a n left c i r c u l a r l i g h t , b u t n o c o n c l u s i o n s a b o u t 
t h e R l i n e s w e r e i m m e d i a t e l y o b v i o u s . T h e i n f o r m a t i o n o n t h e P l i n e d i d 
a g r e e w i t h t h e d a t a o b t a i n e d l a t e r u s i n g p h a s e s e n s i t i v e d e t e c t i o n . 
T h e f l a s h l a m p , as a s o u r c e of r a d i a t i o n , p r o v i d e d e v e n less i n ­
f o r m a t i o n t h a n t h e N e s o u r c e . It w a s c o m p l e t e l y i m p o s s i b l e to m e a s u r e 
t h e h i g h r e s o l u t i o n M R S of IC£ w i t h t h i s s o u r c e . S i m p l e a b s o r p t i o n w a s 
p o s s i b l e , b u t t h e s a m e d a t a w e r e c o l l e c t e d m u c h m o r e r e a d i l y u s i n g a D . C . 
a r c l a m p . A b s o r p t i o n i n a m a g n e t i c f i e l d i n d i c a t e d t h a t t h e Z e e m a n e f f e c t 
e x i s t e d i n I C £ , b u t n o q u a n t i t a t i v e m e a s u r e m e n t s w e r e p o s s i b l e . A b s o r p t i o n 
of c i r c u l a r l i g h t b y IC£ i n a m a g n e t i c f i e l d i n d i c a t e d t h a t t h e V " = 1 -> 
V 1 = 13 b a n d h e a d , c o n s i s t i n g of o v e r l a p p i n g R l i n e s , a b s o r b e d m o r e l e f t 
t h a n r i g h t c i r c u l a r l y p o l a r i z e d l i g h t at the h i g h f r e q u e n c y e n d of t h e 
s p e c t r u m . 
71 
C H A P T E R IV 
E X P E R I M E N T — P H A S E S E N S I T I V E D E T E C T I O N 
A p p a r a t u s for P h a s e S e n s i t i v e D e t e c t i o n 
T h e s o u r c e of r a d i a t i o n i n t h i s e x p e r i m e n t w a s t h e P . E . K . L a b s , 
I n c . h i g h p r e s s u r e Xe a r c lamp d e s c r i b e d p r e v i o u s l y . F i l t e r s w e r e u s e d 
to s e p a r a t e t h e t w o o r d e r s i n w h i c h t h e IC£ s p e c t r u m o c c u r s . 
T h e m a g n e t u s e d for t h i s e x p e r i m e n t x^as m a n u f a c t u r e d b y S p e c t r o -
m a g n e t i c I n d u s t r i e s . It c o n s i s t e d of 12 c o i l s 6 1/2 i n c h e s I.D., 19 
i n c h e s O . D . , a n d 1 3/4 i n c h e s t h i c k s e p a r a t e d b y c o o l i n g c o i l s . T h e 
a s s e m b l y w a s 24 i n c h e s l o n g a n d p r o v i d e d a n e a r l y h o m o g e n e o u s f i e l d i n 
a v o l u m e 6 i n c h e s i n d i a m e t e r a n d 20 i n c h e s l o n g . It w a s p o w e r e d b y a 
S p e c t r o m a g n e t i c I n d u s t r i e s M o d e l T U 2 5 0 - 3 0 p o w e r s u p p l y , a n d D . C . f i e l d s 
up to 2 8 00 g a u s s w e r e o b t a i n e d . 
T h e f i x e d p o l a r i z e r s w e r e G l a n p r i s m s . T h e p o l a r i z e r m o u n t e d o n 
t h e c h o p p e r a s s e m b l y w a s B a u s h a n d L o m b p o l a r i z i n g l i g h t f i l m , C a t . N o . 
3 1 - 5 2 - 6 2 - 2 0 . T h e q u a r t e r w a v e p l a t e s w e r e p r e p a r e d i n this l a b o r a t o r y 
b y p e e l i n g m i c a to t h e p r o p e r t h i c k n e s s . 
T h e c h o p p e r is s h o w n i n F i g u r e 2 5 . T h e c h o p p e r c o n s i s t e d of a 
b e a r i n g - m o u n t e d b r a s s t u b e , d r i v e n t h r o u g h 0 - r i n g b e l t s b y a L e e d s a n d 
N o r t h r u p 1800 r.p.m. s y n c h r o n o u s m o t o r . T h e c h o p p e r r o t a t e d at a p p r o x i ­
m a t e l y 14 c p s . A b e a m c h o p p e r , p o l a r i z e r , or q u a r t e r w a v e p l a t e w a s 
a t t a c h e d to o n e e n d of t h e b r a s s t u b e . T h e o p p o s i t e e n d of the b r a s s t u b e 
h e l d a s l o t t e d c y l i n d e r of t h i n m e t a l , w h i c h a c t e d as a b e a m c h o p p e r to 









B e l t D r i v e 
i 
B e a r i n g 




Fig. 27. Chopper Assembly, Top View. 
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chopper rotation. The reference signal was produced by breaking a beam 
of light falling onto a photodiode, and using the voltage across the diode 
as a signal. This voltage was fed directly into the lock-in amplifier, 
where it was filtered to produce a pure sine wave. 
The spectrograph used was the Jarrell-Ash instrument described 
previously. A mechanical drive was provided to turn the grating at .01° 
per minute, or at .01° per 25 minutes using a pair of 5:1 planetary 
reducers. The detection was photoelectric, using the E.M.I. 9558-B photo-
multiplier tube. The cathode follower was removed from the housing for 
this experiment, and a voltage divider was constructed of wire wound 
resistors. The photomultiplier circuit is shown in Figure 26. 
The anode of the photomultiplier was connected to an electrometer 
amplifier and filter; the circuitry is described in Figure 27. The filter 
was a low pass type of filter, with a cut-off point at 40 cps. In some 
experiments, additional amplification was obtained with a Keithley Model 
610B electrometer, before the signal was fed to the lock-in amplifier. 
A Princeton Applied Research Model JB-5 lock-in amplifier was used. The 
output from the JB-5 was recorded on a Bausch and Lomb V.O.M. 5 chart 
recorder. 
Phase Sensitive Detection Used to Measure Magnetic Effects in IC& 
Phase sensitive detection was used to measure the Faraday rotation 
and circular dichroism in several vibrational bands of the ICl J T T - ^ £ 
transition. The optical system used to measure the Faraday rotation is 
shown in Figure 28a. The orientation of the polarizers relative to the 
coordinate system is illustrated in Figure 28b. 
The intensity of the radiation passed by the rotating polarizer 
was derived earlier and can be expressed as 
F i g . 2 8 . E . M . I . 9 5 5 8 B P h o t o m u l t i p l i e r C i r c u i t . 
+ 4 6 V R e g u l a t e d + 1 2 5 V . R e g u l a t e d 
1 0 M 
5886 
1 0 0 M 
1 M 1 0 M 
400 
6 0 2 1 
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) I—r-^vW v T j rffiSV-9 
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F i g . 2 9 . E l e c t r o m e t e r A m p l i f i e r a n d F i l t e r C i r c u i t . 
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F i g . 3 0 . O p t i c a l S y s t e m a n d C o o r d i n a t e s for A n g l e of R o t a t i o n 
S t u d i e s w i t h P h a s e S e n s i t i v e D e t e c t i o n . 
77 
If t h e e l e c t r i c v e c t o r p a s s e d b y t h e a n a l y z e r is d e n o t e d E ^ , a n d t h a t 
p a s s e d b y t h e r o t a t i n g p o l a r i z e r d e n o t e d E , t h e n 
? 
E = E cos <j> (45) 
A p 
a n d t h e r a d i a t i o n i n t e n s i t y p a s s e d b y t h e a n a l y z e r w i l l b e 
2 2 2 
E = E cos <j> (46) 
A p T 
S u b s t i t u t i n g f r o m e q u a t i o n (44) y i e l d s 
S u b s t i t u t i n g 
o 
i n e q u a t i o n (47) 
E x p a n d i n g c o s 2(<J> 
- 3) y i e l d s 
78 
+ e> [sin (Ztf-ft+sinp -ZsinB sm(z0-p)J f ( 5 0 ) 
a n d c o l l e c t i n g t h e t e r m s d e p e n d i n g o n (2c})) g i v e s 
(51) 
T h e f i r s t t e r m o n the r i g h t s i d e of e q u a t i o n (51) d e p e n d s o n t h e c i r c u l a r 
d i c h r o i s m , a n d if t h i s is v e r y s m a l l 
/ c z \ _ _ t & W sin & Sin (Z0-
E q u a t i o n (52) g i v e s t h a t p a r t of the i n t e n s i t y w h i c h d e p e n d s o n (2cf>) , i n 
t e r m s o f 8, t h e F a r a d a y a n g l e . T h e s i g n a l for 3 > 0 w i l l b e 1 8 0 ° o u t of 
p h a s e w i t h a s i g n a l p r o d u c e d w h e n 3 < 0. If a p h a s e s e n s i t i v e d e t e c t o r 
is t u n e d to (2<f>) , w h i c h is t w i c e the r o t a t i o n a l f r e q u e n c y of t h e p o l a r i z e r , 
a n a r b i t r a r y b a s e l i n e c a n b e e s t a b l i s h e d f o r 8=0. D e v i a t i o n s of 3 f r o m 
z e r o w i l l c a u s e t h e o u t p u t s i g n a l to d e f l e c t f r o m t h e b a s e l i n e , a n d t h e 
s i g n of t h e d e f l e c t i o n w i l l d e p e n d o n the s i g n of 3. 
R e c o r d i n g t h e l i g h t i n t e n s i t y p a s s e d b y the o p t i c a l s y s t e m d e s c r i b e d 
i n F i g u r e 28 as m e a s u r e d b y a p h a s e s e n s i t i v e d e t e c t o r t u n e d to t w i c e t h e 
r o t a t i o n a l f r e q u e n c y of the p o l a r i z e r w i l l g i v e a m e a s u r e of the F a r a d a y 
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a n g l e , -— (n - n ). T h e s y s t e m m a y b e c a l i b r a t e d b y r o t a t i n g t h e a n a l y z e r 
XQ R L 
r e l a t i v e to the p o l a r i z e r . 
F o r t h e m e a s u r e m e n t of c i r c u l a r d i c h r o i s m b y p h a s e s e n s i t i v e d e ­
t e c t i o n , t h e o p t i c a l s y s t e m s h o w n i n F i g u r e 29 w a s u s e d . T h e r o t a t i n g 
q u a r t e r w a v e p l a t e h a s f o u r a p e r t u r e s , a n d t h e i r l o c a t i o n r e l a t i v e to t h e 
r e t a r d a t i o n axis is s h o w n i n F i g u r e 3 1 . W h e n t h e r o t a t i n g p l a t e is 
p r o p e r l y o r i e n t e d , t h e l i g h t p a s s i n g t h r o u g h it a n d i n t o t h e s a m p l e is 
a l t e r n a t e l y r i g h t a n d l e f t c i r c u l a r l y p o l a r i z e d . T h e f i x e d q u a r t e r w a v e 
p l a t e a n d a n a l y z e r c a n b e o r i e n t e d r e l a t i v e to e a c h o t h e r so t h a t t h e y 
w i l l p a s s r i g h t a n d l e f t c i r c u l a r l i g h t i n a n y r a t i o . T h e y a r e u s u a l l y 
o r i e n t e d to p a s s e q u a l a m o u n t s of r i g h t a n d left c i r c u l a r l y p o l a r i z e d 
l i g h t , u n l e s s a c a l i b r a t i o n is n e c e s s a r y . 
T h e l i g h t i n t e n s i t y p a s s e d b y the s y s t e m i n F i g u r e 29 w i l l b e 
p r o p o r t i o n a l to the d i f f e r e n c e b e t w e e n the i n t e n s i t i e s of r i g h t a n d l e f t 
c i r c u l a r l i g h t p a s s e d b y the s a m p l e , a n d w i l l h a v e a f r e q u e n c y t w i c e the 
r o t a t i o n a l f r e q u e n c y of t h e q u a r t e r w a v e p l a t e . T h e s i g n a l o b s e r v e d b y 
a p r o p e r l y t u n e d p h a s e s e n s i t i v e d e t e c t o r w i l l b e p r o p o r t i o n a l to 
(I - I ) s i n (2cf) + y ) > w h e r e I r e f e r s to i n t e n s i t y , <J> the r o t a t i o n of 
K L 
t h e q u a r t e r w a v e p l a t e , a n d y is a n a r b i t r a r y p h a s e f a c t o r d e p e n d e n t o n 
t h e i n s t r u m e n t a t i o n . T h e p h a s e of t h i s s i g n a l is s e e n t o c h a n g e b y 1 8 0 ° 
w h e n t h e r e l a t i v e m a g n i t u d e s of I a n d I c h a n g e . If t h e l o c k - i n a m p l i f i e r 
K L 
f o r m s o n its o u t p u t a n a r b i t r a r y b a s e l i n e for I = I , d e f l e c t i o n s w i l l 
R L 
o c c u r w h e n I ^ I , a n d the s i g n of the d e f l e c t i o n w i l l d e p e n d o n t h e 
r e l a t i v e m a g n i t u d e s of I a n d I . 
R L 
T h e e l e c t r i c v e c t o r s of the r i g h t a n d l e f t c i r c u l a r l i g h t w i l l b e 
of e q u a l m a g n i t u d e , E , b e f o r e the l i g h t e n t e r s the s a m p l e . A f t e r t r a v ­
e r s i n g a p a t h l e n g t h I t h r o u g h t h e s a m p l e , t h e m a g n i t u d e s of the e l e c t r i c 
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F i g . 3 1 . O p t i c a l S y s t e m a n d C o o r d i n a t e s for C i r c u l a r D i c h r o i s m S t u d i e s 
w i t h P h a s e S e n s i t i v e D e t e c t i o n . 
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v e c t o r s c a n b e e x p r e s s e d as E e a n d E e , for l e f t a n d r i g h t 
c i r c u l a r l i g h t , r e s p e c t i v e l y . T h e r e f o r e t h e d i f f e r e n c e i n i n t e n s i t i e s 
for r i g h t a n d l e f t c i r c u l a r l i g h t w i l l b e 
T h u s t h e i n t e n s i t y of the l i g h t p a s s e d b y t h e o p t i c a l s y s t e m i n F i g u r e 
29 a n d m e a s u r e d b y a p h a s e s e n s i t i v e d e t e c t i o n s y s t e m t u n e d to t h e p r o p e r 
f r e q u e n c y w i l l b e p r o p o r t i o n a l to t h e c i r c u l a r d i c h r o i s m , o r ( a - a T ) . 
R L 
A b l o c k d i a g r a m of t h e p h a s e s e n s i t i v e d e t e c t i o n a p p a r a t u s is s h o w n 
i n F i g u r e 3 0 . T o m e a s u r e t h e a n g l e of r o t a t i o n a p o l a r i z e r m o u n t e d o n t h e 
c h o p p e r is l o c a t e d at A. T o m e a s u r e c i r c u l a r d i c h r o i s m a f i x e d q u a r t e r 
w a v e p l a t e is p l a c e d at A , a n d the c h o p p e r c a r r y i n g t h e q u a r t e r w a v e p l a t e 
s h o w n i n F i g u r e 31 is p l a c e d at B . 
T o t u n e t h e a p p a r a t u s w h e n m e a s u r i n g t h e a n g l e of r o t a t i o n , a 
s i g n a l c a n b e g e n e r a t e d b y r o t a t i n g the a n a l y z e r . A t e s t s i g n a l c a n b e 
o b t a i n e d w h e n m e a s u r i n g c i r c u l a r d i c h r o i s m b y c h a n g i n g t h e r e l a t i v e 
o r i e n t a t i o n of t h e a n a l y z e r a n d f i x e d q u a r t e r w a v e p l a t e . 
T h e IC£ s p e c t r u m w a s s c a n n e d b y r o t a t i n g t h e g r a t i n g i n t h e s p e c t r o ­
g r a p h , a n d f e a t u r e s m e a s u r e d w i t h t h e p h a s e s e n s i t i v e d e t e c t o r w e r e i d e n ­
t i f i e d b y c o m p a r i s o n w i t h t h e M R S of I C £ , w h i c h w a s o b t a i n e d p h o t o m e t r i c a l l y 
a n d at t h e s a m e s c a n n i n g r a t e . 
(53) 
or a p p r o x i m a t e l y , 























Fig. 3 2 . Apparatus for Phase Sensitive Detection. 
R e t a r d a t i o n A x i s M a r k e d . 
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T h e e n t r a n c e s l i t of t h e s p e c t r o g r a p h w a s 78 m i c r o n s w i d e a n d t h e 
e x i t s l i t 32 m i c r o n s . T h i s p r o v i d e d a t r a p e z o i d a l s l i t f u n c t i o n , w i t h 
a s p e c t r a l h a l f w i d t h of a p p r o x i m a t e l y .120 c m \ 
R e s u l t s — P h a s e S e n s i t i v e D e t e c t i o n 
It w a s p o s s i b l e to m e a s u r e , at l e a s t s e m i - q u a n t i t a t i v e l y , t h e 
F a r a d a y r o t a t i o n a n d c i r c u l a r d i c h r o i s m e x h i b i t e d b y s o m e of t h e e a s i l y 
i s o l a t e d f e a t u r e s i n t h e \ ^ - E + t r a n s i t i o n of ICl. T h e c i r c u l a r 
d i c h r o i s m of t h e ICl f e a t u r e s n e a r 5852 £ , w h i c h w e r e o b s e r v e d w i t h t h e 
N e s o u r c e , is s h o w n i n F i g u r e 34. T h e t h r e e p e a k s w h i c h a p p e a r i n this 
F i g u r e c o r r e s p o n d to the t h r e e ICl l i n e s s t u d i e d p r e v i o u s l y . 
F a r a d a y r o t a t i o n a n d c i r c u l a r d i c h r o i s m i n f o u r v i b r a t i o n a l b a n d s 
of ICl w e r e r e c o r d e d . I n e a c h of t h e b a n d s o b s e r v e d , it w a s i m p o s s i b l e 
to c l e a r l y r e s o l v e the c l o s e l y s p a c e d f e a t u r e s n e a r t h e b a n d h e a d . T h e 
b a n d s s t u d i e d w e r e the V " = 0 •> V = 22,28 a n d V " = 1 •> V = 12,13 s y s t e m s . 
A w a y f r o m the h e a d of the b a n d , t h e P a n d R l i n e s of t h e V = 22 b a n d 
a l m o s t c o i n c i d e d . T h e s p a c i n g b e t w e e n adjacent P and R lines was somewhat 
g r e a t e r i n t h e V f = 28,12 s y s t e m s , a n d the lines w e r e a l m o s t e q u a l l y 
s p a c e d i n t h e V f = 13 b a n d . A r e p r o d u c t i o n of the d a t a o b t a i n e d f or a n 
a d j a c e n t P a n d R l i n e i n e a c h b a n d is s h o w n i n F i g u r e 35, a n d it c a n b e 
s e e n t h a t t h e s h a p e of t h e l i n e s r e m a i n s t h e s a m e for a l l of t h e b a n d s 
s t u d i e d . It is o b v i o u s t h a t t h e s e d a t a a r e n o t n o i s e f r e e ; t h e p r e s e n c e 
of t h i s n o i s e , m a d e n e c e s s a r y b y t h e l o w s i g n a l l e v e l , p r e c l u d e d the 
p o s s i b i l i t y of a n y f u l l y q u a n t i t a t i v e m e a s u r e m e n t s . T h e e x p e r i m e n t a l d a t a 
for a l a r g e p o r t i o n of t h e V " = 1 V 1 = 12 b a n d a r e s h o w n i n F i g u r e s 38 
a n d 39, w h e r e t h e y a r e c o m p a r e d w i t h c a l c u l a t i o n s b a s e d o n t h e t h e o r y 
d e v e l o p e d i n this t h e s i s . 
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5852 X System 
v a b e 
v = Ne emission line 
a° = 29 R 45* 
b = 28 P 38 
c = 28 R 41 
*Notation is defined in Table 3. 
Fig. 34. Circular Dichroism in ICZ Near 5852 X in a D.C. Field of 
2500 Gauss, Measured with Phase Sensitive Detection System. 
F i g . 3 5 . P a n d R T y p e T r a n s i t i o n s i n F o u r V i b r a t i o n a l B a n d s of ICl 
i n a F i e l d of 2500 G a u s s . 
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T h e d a t a o b t a i n e d u s i n g p h a s e s e n s i t i v e d e t e c t i o n w e r e u s e d to 
t e s t t h e t h e o r y d e v e l o p e d i n t h i s t h e s i s . T h e IC£ t r a n s i t i o n u n d e r 
s t u d y h a s b e e n d e s i g n a t e d a ir^ E t r a n s i t i o n , w h i c h i m p l i e s H u n d ' s 
c a s e (a) c o u p l i n g . F o r h e a v y d i h a l i d e m o l e c u l e s , t h e c o u p l i n g is 
b e l i e v e d to b e c a s e ( c ) , b u t s i n c e t h i s l e a v e s s o m e d o u b t r e g a r d i n g the 
m a g n i t u d e of t h e m a g n e t i c m o m e n t a l o n g t h e i n t e r n u c l e a r a x i s t h e s i m p l e r 
c a s e (a) a p p r o x i m a t i o n w a s u s e d . A v e c t o r m o d e l of H u n d ' s c a s e (a) 
c o u p l i n g u s i n g H e r z b e r g ' s n o t a t i o n is s h o w n i n F i g u r e 3 6 . ( 5 5 ) . I n 
t h e c o m p u t a t i o n s a m a g n e t i c m o m e n t of o n e B o h r m a g n e t o n a l o n g t h e i n t e r ­
n u c l e a r a x i s w a s a s s u m e d . T h e m a g n e t i c f i e l d i n t e n s i t y w a s 2500 g a u s s . 
To c o m p e n s a t e for t h e s l i t f u n c t i o n , a h a l f w i d t h of .200 c m ^ w a s u s e d 
i n t h e c a l c u l a t i o n s . S i n c e it w a s n o t p o s s i b l e to m a k e q u a n t i t a t i v e 
m e a s u r e m e n t s of the F a r a d a y r o t a t i o n a n d c i r c u l a r d i c h r o i s m , it w a s n o t 
n e c e s s a r y to m a k e q u a n t i t a t i v e c a l c u l a t i o n s . T h e f o r m u l a s w e r e s i m p l i f i e d 
b y r e m o v i n g a l l of t h e m u l t i p l i c a t i v e t e r m s w h i c h w e r e c o n s t a n t , or o n l y 
s l i g h t l y v a r y i n g f u n c t i o n s of t h e f r e q u e n c y . T h e m a t r i x e l e m e n t s w e r e 
c a l c u l a t e d u s i n g s y m m e t r i c r o t o r w a v e f u n c t i o n s . T h e a c t u a l f o r m u l a s 
u s e d to c a l c u l a t e P, Q, a n d R t y p e t r a n s i t i o n s a r e s h o w n i n t h e A p p e n d i x . 
T h e t h r e e IC£ f e a t u r e s n e a r 5 8 5 2 X, w h i c h w e r e s t u d i e d w i t h the 
N e s o u r c e , a r e s h o w n i n F i g u r e 3 7 . T h e e x p e r i m e n t a l d a t a a r e c o m p a r e d 
w i t h t h e c a l c u l a t e d p h e n o m e n a . I n F i g u r e s 38 a n d 39 t h e e x p e r i m e n t a l d a t a 
a r e c o m p a r e d w i t h c a l c u l a t i o n s o n t h e V " = 1 V' = 12 b a n d . A d e n s i t o m ­
e t e r t r a c e of t h e M R S of t h e s a m e b a n d is s h o w n i n F i g u r e 4 0 . 
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(A + I = n) 
F i g . 3 6 . H u n d ' s C a s e (a) C o u p l i n g i n a D i a t o m i c M o l e c u l e . 
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E x p e r i m e n t a l 
29 R 45 28 P 38 28 R 41 
F i g . 37. C a l c u l a t e d a n d E x p e r i m e n t a l D a t a for Id L i n e s N e a r 5852 X. 
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R,P d e n o t e t y p e of t r a n s i t i o n , s u b s c r i p t s d e n o t e e x c i t e d s t a t e v a l u e of J . 
F i g . 3 8 . C i r c u l a r D i c h r o i s m for V " = 
3 T T <- 3-E+ T r a n s i t i o n . 
1 •* V = 12 B a n d i n IC£ 
F i g . 3 9 . A n g l e of R o t a t i o n for V" = 1 + V 1 = 12 B a n d i n IC£ 3T<1 «- h+ T r a n s i t i o n . 
F i g . 4 0 . D e n s i t o m e t e r T r a c e of M R S of ICl V " = 1 + V = 12 B a n d 
i n a F i e l d of 2500 G a u s s . 
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F r o m t h e i l l u s t r a t i o n s of t h e V' = 12 b a n d , it is o b v i o u s t h a t t h e 
e x p e r i m e n t a l r e s o l u t i o n w a s g r e a t e r t h a n t h a t b u i l t i n t o the c a l c u l a t i o n s . 
T h i s m a y b e at l e a s t p a r t i a l l y a c c o u n t e d for b y t h e f a c t t h a t a L o r e n t z i a n 
l i n e w a s u s e d i n t h e c a l c u l a t i o n s i n s t e a d of t h e t r a p e z o i d a l s l i t f u n c t i o n . 
T h e b r o a d e n i n g w h i c h o c c u r r e d i n t h e c a l c u l a t e d f e a t u r e s a l s o a c c o u n t e d 
for t h e p r i n c i p a l d i f f e r e n c e s b e t w e e n t h e c a l c u l a t e d a n d e x p e r i m e n t a l d a t a , 
e s p e c i a l l y n e a r t h e b a n d h e a t w h e r e m u c h o v e r l a p p i n g of f e a t u r e s t o o k 
p l a c e . T h e c a l c u l a t i o n s c o u l d h a v e b e e n a d j u s t e d to fit t h e e x p e r i m e n t a l 
d a t a m o r e c l o s e l y b y u s i n g a s m a l l e r l i n e h a l f w i d t h i n t h e c o m p u t a t i o n s . 
It w a s of s p e c i a l i n t e r e s t to o b s e r v e t h e m a g n e t i c e f f e c t s i n t h e 
V " = 0 V' = 28 b a n d . H u l t h e n f o u n d t h a t e x c i t e d s t a t e v i b r a t i o n a l 
l e v e l s w i t h V' ^ 28 e x h i b i t e d p e c u l i a r l a m b d a d o u b l i n g . I n s p i t e of t h e 
l a m b d a d o u b l i n g p h e n o m e n o n , t h e m a g n e t i c e f f e c t s m e a s u r e d i n t h e V' = 28 
b a n d w e r e c o n s i s t e n t w i t h the d a t a c o l l e c t e d for o t h e r b a n d s . T h i s 
i n d i c a t e s t h a t t h e l a m b d a d o u b l i n g p e c u l i a r i t i e s m u s t e v o l v e f r o m s o m e 
c a u s e w h i c h d o e s n o t i n c l u d e a r a d i c a l c h a n g e i n t h e c o u p l i n g s c h e m e of 
t h e ICZ m o l e c u l e . 
It is of s o m e i m p o r t a n c e to c o n s i d e r the p o s s i b l e e f f e c t s of s e l f -
a b s o r p t i o n o n the m e a s u r e m e n t of F a r a d a y r o t a t i o n . T h e l i n e w i d t h of 
i m p o r t a n c e i n t h e F a r a d a y p h e n o m e n o n w a s c o n t r o l l e d b y t h e s l i t f u n c t i o n , 
a n d h e n c e h a d a h a l f w i d t h of a b o u t .100 c m T h e a b s o r p t i o n l i n e 
w i d t h i n t h e ICZ s a m p l e m a y b e a p p r o x i m a t e d b y t h e D o p p l e r w i d t h , w h i c h 
is .015 c m \ A b s o r p t i o n e x p e r i m e n t s o n t h e IC£ s a m p l e i n d i c a t e d t h a t 
t h e a c t u a l l i n e h a l f w i d t h w a s c l o s e to t h e D o p p l e r a p p r o x i m a t i o n . If 
t h e a b s o r p t i o n b y l i n e s w i t h a h a l f w i d t h of .015 c m ^ is t a k e n i n t o 
a c c o u n t w h e n c o n s i d e r i n g a p h e n o m e n o n w i t h a l i n e w i d t h of .100 c m \ 
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v e r y l i t t l e e f f e c t w o u l d b e e x p e c t e d to o c c u r . O n l y b y b r o a d e n i n g the 
a b s o r p t i o n l i n e w i d t h a p p r e c i a b l y w o u l d the e f f e c t b e c o m e n o t i c e a b l e . 
W h e n m a k i n g p h o t o g r a p h i c r e c o r d i n g s of the m a g n e t i c r o t a t i o n 
s p e c t r u m i n ICl, a n a t t e m p t w a s m a d e to a b s o r b the l i g h t p a s s e d b y t h e 
a n a l y z e r w i t h a s e c o n d IC£ s a m p l e p l a c e d i n t h e o p t i c a l p a t h . L i t t l e 
e f f e c t w a s n o t i c e a b l e w i t h t h e a b s o r b i n g s a m p l e at r o o m t e m p e r a t u r e , a n d 
o n l y a f t e r h e a t i n g t h e s a m p l e d i d a b s o r p t i o n t a k e p l a c e to a n y g r e a t 
e x t e n t . A t 2 0 0 ° C , it w a s p o s s i b l e to a l m o s t c o m p l e t e l y a b s o r b t h e M R S 
s i g n a l . T h e l a c k of any o b s e r v e d e f f e c t at r o o m t e m p e r a t u r e w a s a t t r i b u t e d 
to t h e fact t h a t t h e m a g n e t i c r o t a t i o n s i g n a l d o e s n o t o c c u r at t h e z e r o 
f i e l d l i n e f r e q u e n c y , b u t r a t h e r o n b o t h s i d e s of i t . O n l y b y b r o a d e n i n g 
t h e l i n e s i n t h e a b s o r p t i o n s a m p l e , w h i c h w a s n o t i n a m a g n e t i c f i e l d , 
w a s it p o s s i b l e to a b s o r b t h e M R S s i g n a l . 
A l l of t h e d i s c u s s i o n s i n t h i s t h e s i s h a v e n e g l e c t e d a n y t h i n g w h i c h 
h a s a m a g n e t i c f i e l d d e p e n d e n c e h i g h e r t h a n f i r s t o r d e r . S i n c e e v e n t h e 
f i r s t o r d e r e f f e c t s a r e i n g e n e r a l q u i t e s m a l l , it is n o t u n r e a s o n a b l e to 
a s s u m e t h a t h i g h e r o r d e r t e r m s m a y b e s a f e l y n e g l e c t e d . A n a t t e m p t w a s 
m a d e to e x p e r i m e n t a l l y d e t e r m i n e t h e m a g n e t i c f i e l d d e p e n d e n c e of t h e 
F a r a d a y r o t a t i o n a n d c i r c u l a r d i c h r o i s m , b y v a r y i n g t h e m a g n e t i c f i e l d 
i n t e n s i t y . M e a s u r e m e n t s m a d e o n t h e V " = 1 V' = 12 b a n d i n d i c a t e d a 
f i r s t o r d e r d e p e n d e n c e o n the f i e l d i n t e n s i t y . 
A p o s s i b l e m a n i f e s t a t i o n of s e c o n d o r d e r e f f e c t s is t h e a p p e a r a n c e 
of AJ = ±2 t r a n s i t i o n s . T h e s e w i l l b e c o m e a l l o w e d u n d e r t h e i n f l u e n c e 
of t h e m i x i n g of s t a t e s c a u s e d b y a m a g n e t i c f i e l d , b u t the t r a n s i t i o n 
i n t e n s i t y w i l l d e p e n d o n the m a g n e t i c f i e l d to t h e s e c o n d o r d e r . A n 
a t t e m p t w a s m a d e to a s s i g n s o m e u n e x p l a i n e d l i n e s a p p e a r i n g i n t h e M R S 
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n e a r t h e V " = 0 V' = 28 b a n d to s u c h A J = ±2 t r a n s i t i o n s , b u t w i t h o u t 
s u c c e s s . 
It a p p e a r s t h a t t h e t h e o r y d e v e l o p e d i n t h i s t h e s i s , g i v e n t h e 
H u n d ' s c a s e (a) m o d e l of I C £ , is a d e q u a t e to e x p l a i n t h e F a r a d a y r o t a t i o n 
a n d c i r c u l a r d i c h r o i s m as they w e r e o b s e r v e d . T h e d a t a u s e d to t e s t t h e 
t h e o r y w e r e f a i r l y e x t e n s i v e , a n d it is n o t a p p a r e n t w h e t h e r or n o t the 
t h e o r y of m a g n e t i c r o t a t i o n u s e d b y C a r r o l l c o u l d e x p l a i n t h e d a t a . It 
is c e r t a i n t h a t S e r b e r ' s w o r k , b a s e d o n l y o n t h e " a " t e r m s , w o u l d n o t 
e x p l a i n t h e d a t a s a t i s f a c t o r i l y . C a r r o l l c o n s i d e r e d " b " t e r m s i n h i s 
c a l c u l a t i o n s , b u t t h e y w e r e n o t e x a c t l y t h e s a m e as t h o s e w h i c h a p p e a r 
i n t h e f o r m u l a s d e v e l o p e d i n t h i s t h e s i s . A l t h o u g h b o t h S e r b e r a n d 
C a r r o l l c l a i m e d to e x p l a i n the d a t a a v a i l a b l e to t h e m , t h e s e d a t a w e r e 
n o t v e r y e x t e n s i v e , a n d d i d n o t p r o v i d e a n a d e q u a t e t e s t of t h e i r t h e o r i e s . 
I n F i g u r e 41 t h e s h a p e of t h e F a r a d a y r o t a t i o n for a P a n d a n R l i n e a r e 
s h o w n as c o m p u t e d b y S e r b e r , C a r r o l l , a n d t h e f o r m u l a s p r e s e n t e d i n t h i s 
t h e s i s . A d a m p i n g f u n c t i o n w a s a p p l i e d to S e r b e r ' s f o r m u l a s to a l l o w 
t h e i r a p p l i c a t i o n at the l i n e o r i g i n . 
T h e d i f f e r e n c e s a r e o b v i o u s , a n d a l t h o u g h C a r r o l l ' s a p p r o x i m a t i o n 
d o e s n o t c o m p a r e u n f a v o r a b l y w i t h t h a t p r e s e n t e d i n t h i s t h e s i s , S e r b e r ' s 
is q u i t e d i f f e r e n t . It is a p p a r e n t t h a t o n l y t h e l i m i t e d a m o u n t of d a t a 
a v a i l a b l e to h i m a l l o w e d h i s a p p a r e n t l y s u c c e s s f u l e x p l a n a t i o n . 
Q l i n e s h a v e r e c e i v e d l i t t l e p r e v i o u s a t t e n t i o n i n t h i s t h e s i s . 
T h e i n t e n s i t y of t h e Q l i n e s , as t h e y a p p e a r i n F a r a d a y r o t a t i o n a n d 
c i r c u l a r d i c h r o i s m , f a l l s off r a p i d l y a w a y f r o m the b a n d o r i g i n , a n d o n l y 
t h e f i r s t few a r e i m p o r t a n t . T h e s h a p e of the f i r s t two Q l i n e s i n a 
v i b r a t i o n a l b a n d of t h e ICZ m o l e c u l e a r e s h o w n i n F i g u r e 4 1 . T h e f i r s t 
t h r e e Q l i n e s w e r e i n c l u d e d i n t h e c a l c u l a t i o n s s h o w n i n F i g u r e s 38 a n d 3 9 . 
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F i g . 4 1 . C o m p u t e d V a l u e for A n g l e of R o t a t i o n . 
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A P P E N D I X 
F o r m u l a s f o r T h e o r e t i c a l C a l c u l a t i o n s (^TT| J £ + i n IC&) 
R - L i n e s 




P - L i n e s 
J-Z 
-Z^V> (Iff) 
Q - L i n e s 
J-1 
J-Z 
( v M - V ) 
T o c a l c u l a t e <f>, f(v) = , a n d to c a l c u l a t e 0, 
r
 ( V M " V ) + R 
( v M - v ) 2 + r 2 
T h e J a n d M v a l u e s a p p e a r i n g i n the f o r m u l a s a r e t h o s e o f t h e 
g r o u n d s t a t e , v c o r r e s p o n d s to the f r e q u e n c y , i n c m \ of a Z e e m a n 
t r a n s i t i o n , a n d is g i v e n b y t h e f o r m u l a 
V M = V o + J ' ( j " ' + 1 ) ( - 1 1 6 7 5 > ' 
w h e r e is t h e z e r o f i e l d t r a n s i t i o n f r e q u e n c y o b t a i n e d f r o m H u l t h e n s 
d a t a ( 4 8 , 4 9 ) . 
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T h e t e r m s c o r r e s p o n d i n g to i n t e n s i t y p e r t u r b a t i o n s b y the m a g n e t i c 
f i e l d i n c l u d e A E t e r m s i n the d e n o m i n a t o r . A E = E , , - E , I M » A N C ^ 
A E = E , , - E ,
 1 ? w h e r e t h e E's r e f e r to the e n e r g y of t h e e x c i t e d 
s t a t e r o t a t i o n a l l e v e l s i n t h e m a g n e t i c f i e l d i n c m \ T h e s e t e r m s a r e 
g i v e n b y t h e e q u a t i o n 
o M ' 
E J ' , M ' = E J ' , M ' + J ' ( J ' + 1) ( - 1 1 6 7 5 > » 
w h e r e E ° l w l is t h e z e r o f i e l d t e r m v a l u e f o r the e x c i t e d s t a t e d e f i n e d J M 
b y J',M'. T h e + or - s u p e r s c r i p t o n t h e E's c o r r e s p o n d s to A M = + 1 a n d 
A M = -1 a b s o r p t i o n t r a n s i t i o n s . T h e v a l u e of Y u s e d i n t h e c a l c u l a t i o n s 
w a s .100 c m \ a n d the f i e l d i n t e n s i t y u s e d to d e t e r m i n e the m a g n e t i c 
e f f e c t s w a s 2500 g a u s s . 
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